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CALCHM FREE SUBmiSIH MUTANTS 

the V,S, Gommmt has a paid-up tose ia ais mveattoa and the dgM 

1 f easombk temis as provided tor by tlie temis of Omit Mo. GM42560 awarded by 
National Institute of Health, 

OMmAL OBJECTS OF THE INVBMOK 
A general object of tlie iiiveatiosj is to provide ssbtilism mutoits which 
bave to mutated such they do not fated calcium, 
10 Another object of the Im^ention m to provide DNA sequences wMch upon 

expressm provide for mUmn mmnU wbich do mi « caldiim. 

Another object of the iaventiOE is 6d pi'ovide suMiiisin inutants wMcli 
comprise sj>8ci& combinations of mutstloBS wbieh provide for eiihaiicsd itoal 
stability. 

13 Auatlvr obiat of the Jtsvontjou is to ojo^ .dc a xu^iU.sd .oj tb' syftth^sa o* 

a MtbliliMa Tttutau which does not biad cdcium~by Ae exprjfssion of a subiiu^m 

a smbJble tecoinbinasit tet ceB, 

A more ^p^fic object of the iayention is to provide class I $uhtdasc 
2.0 :TU't.nrs p. racuiar BPN' xmtmn whick bave bees mutated sucb tfwt rfe-y do 
not Diiid calcmm. 

\i.-oin<;\ tp"cttjv object <n the m^mtios is to provide DNA &equcitces 
vvincb u^xju ex|nessiO» residr m clacs C sabtUase njiums, assd in particular BPN' 
mmats whicb do not bind calcium. 
25 A^nather speciftc object of tbe Itjventba Is to provide a mctkM for inakiag 

siKbtdiSin 1 S! or 1 S2 mm^i^, and m pafticuhs BPN' mutants wbich do not bind 


speciticaHy 2. BFN" PNA wdssg ^o^ucace winch ccxuprj^^e^ i?ns5 or more 

tatJOTJS in a mmbk recombtot ho.^i cell. 


Yet aiiotber specific object of llie feveatioa is to provide X3 
I~SI ar and in-:-iv ^r-cifv r'v r>.rv' matauts which do mt bii 
which ferther comprise parncular coail'ix^ations of mutatloss whit 

wliich restore eooperativitj' to the foMing rsactioa 



f reduces ^e sotivit^? of wiM fyp^ calci^Jila blading s 


(1) Mda«f t&e feymtios 
The preset mvmtioiii relstes to 

tUmimta calcmm bisdmg Moi-e pjirticularh ±c \h t ^ax^i mvu 
Tdat?<; to novd s'ubd:j<*m I SI .md i S2 mumsm xtmmM^, ^ptju^i.^lh F>PN 


0.1c o 


wommm 


(2) Descrsptuiii of the Rebied Arl 

Subtilism is an miustsal example of a monomeric protest wife a sub.si:&i5tia> 
kmetk barrier to foldiag ajjd mfoldiug. A well ksowa exaa^le thereof, sabtiJisk 
BPN' is a 275 amiao add serine protease secreted by BacUUiS amyioUquefacism. 
5 TMs enzyme is of cossiderabk mdiistriai iinportasce am! has bees. Jlie mhj^t of 
aumcrous protein f-^ngiaceriBg studies (Slez&n et ul, Profe-j^i E ngineer-hig 4:719 - 
737 (199; ;>; Bryan, Phann^jceutiCAil Bio^echrioiogy 3(B): 147181 a 9.92); Wells et 
ai., limlaiiUMimi. Sci, l3;291-297 (198S)), The ammo acid. seqiJeiice for 
sisbtjlism BPN' is ksiowa m rhe ait and xn^y be fotmd m VassBtha «?t al,, 

10 Bacterpj. 159^811-81.9 iWU% Us mim acM sequence as fotiiid thsrsm is 
hereby mcorpomted by reference (SEQUENCE ID NO: 1 j . 'Thfoiigtet the 
ai^pHcaticm, whea Applicants refer to the amiBO acid sequence of subtiHsin BPN' 
or U;; siutaais, ttey an; rsfaranj; Tc ~ ~ s • < r ^;<o(i . .«,;iin 

SubdiUsin is a serine protease produced by Ura-n posuive bacteria or by 

IS fxm.§,\. The arnirsO acid sequerices of Tnir.rjeroi.is subtilbirss arc ki-ovx i), (Siezea ev 
aL, FrgMn Esg,feee£igg 4:719-73? (199.1)). These iaciude five subtilisias from 
BacUIa*3 strains, for exainple, subtilism BFN', subdUsia Carlsberg, Mbtilisin DY, 
subtiiisin amylosaecliaritje^s, and ineseEticopeptidase« (VasMttia et al, "Oeae for 
alkaline protease md neajtrai protege feom BadUm amyloUquefadem contair? & 

20 ISTge opeiv reading frax^ie between the regions coJit-g tor sigtiiO sci-pjencc and 
Tuaiare proieia/' j BacterioL 159:811-819 fi984.>- JacoKs t.-i ai,. "Cloning 
.seqiieucixjg- md expressiori uf subcilisin C'arbberg iVovn Bacillus lichsnimnni.s, 
jSuckic Acids Res. i3:89 13^8926 (1985); Nedlfov et. al , "Dcierminauor. of the 
compiets ammo add seqneaa? of subtilism DY md its comparistm with the 

2J priawy structures of the subtilssia BPN% Carlsberg arid arnytosacchariticus, BioL 
Chem, Hoope-Seyler 366:421-430 (BBS); Kurshara et al, "Subaibis 
amylasacchariticus," .1. .B ioL C i ^em, '247:5619-5631 (1972); and Sveadsen et at. 
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' Complete ammo ac d sequeate of atkalme meses^eticopsptica^e TFVh \ 

lite ammo sad sequt.a«.cs of subtibs rss tsom m tu?ij?al p» jtca>»o^ ^re 
i 10% pt<m ndsfs K irom Tn? ra, tn>h > i tu v. K (to: i 

n r o 5 < * m b k' ^si" 'nuv-h^j ui 

These eszvmes feave bem shows to be related to siibttUsm BFN* > not o»iy 
r3irotig& ^eir pnsi^ setpssees and issz^firtoiopcsl properties, bm also by 
10 comparjsoa of x-ray eryatallogr^hic; data. (McPMea a aL ^ ' Crystal ansl 

li o1oc« siTiiva r« of the mhibiior ha Ixom k*edse& a corsplex v^f ih ssubt li*^! 
C. ^^bc''£ ' i-|?B*v LrtL 188 55 U^vS) and PaMer ct a! , "Three dia ea^isoaal 

15 SujtsI s s Br\ j$ •^0 >. %on-^k o*" a jjarutular subtilism gcuc sec etcd bv 

B^wJlus ofnyioUquctaaem ihi gs? e "bias beea cloned, sequeace4 asd expre s.ed 
at high levels irom its aatural promoter sequences m BaciUm sabtiUs, The 
subtilim BPH' stnic^e h&s bees highly refmed {R~ 0, U\ to 13 A resolutioix 
ajidhdsre\ < ied <vtiuam daaiK to two loi? bmdm? Mte** (Tm/e^ et dl L CtsU 

i ^^J^ \kP(utiaJ bjc t f'lc-:: ( ^ ^ s Oil < li ^ -^ii<. 
b ( a ^ it^ hiL i \ ml i t <. r u ?k \ ^ - «. ^ e he 
otlit- V.S le B{ b i5d& <.asc otlier ^ ^tiOHs xmich wmc \* e?iv.l ajid Ji> locdied 

*jLbt ut 3-. A a-^ -iv (Figme i) StriictBxa! evkfetice for mo calcuu b isdmg ie» 
25 vi*^ r^por*cd hy Bode et al , Hsr J Biochetn X<j{3 673-692 {1*%'^) to t*)*. 
hoiuoio^oiis ei^me suit h tsi L^^i^b'-rg 

Fu tVr 'a I i \ site m ail of the 
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'Jmo'^i icmmfi nini- rosvihie loops in the identical pnsttioii of h-; lix C, X-;ay 
sti-uctures of tSie KSI subiilisins BPK' a^ad Carisberg. as well as the l-Sl subtilism 
Savmase, have been detemimed to Mgh rssoMoB, A compaiison of these 
stf sjctares demomtratss Smt ali three Ijavealmast MeaticaJ ealdum A-sites. 
5 The x-ray structure of the class I subUlase. ffeemiitase ftom 

Hhitfn. ■fn!'Ki^>n\ii-i -i'luiidt's, i\ ' \^ > a<righ lie tsvetaC oU>gy >.U 
ts^P^' 10 isc\m5ta>c is nmJx iowi^i .ha.i t -v.'.dosy ^.n BPK' ti-* ( SI ax^d 1-Si 
'>abtAhsins, t-x'm-iuaM- h'A-i be? r* i-^.owji lo Mve in anjlL>s^o«iv ^.^Icnijm A- site In the 
case of i!i5?nnjtdjSi#> the loop is a , tea residue- mtetitiptsOK ai tiie 'idenU::;ii siic m 
10 helix C, 

Csteiiim bmdmg sites are eoKasos features of extraceJMaj? micmbial 
protii:^es pmMbly becaajie of their large coafi-ibutioa to botit tfeernKxIynamk snd 
kiaetie stabuuy (Matthew? cl , Okil CHen\„ 2-i^'> S0'^0-<^04'l (hVi}i 

(;9*''Z)V The thcrmo^yriv^ic Siid kimctic stability of sdibdlw* h bsUeved to be 
secessitatM by i&e rigors of the extracelMar eaviroimim mto whicfe ssbtliisiti is 
s<xirs;tecl, whicli fey yjrtue of its owa pr^ence is protease-Slfed, Aecofdingiy* 
Mgh actmtion barriers to mifoidisg may be essesfiai to iock the aaiiv-e 

20 conformation aqd pievent traasieat milbldlug aad, -proteolysis 

Onfoctotjately, ills? major iudu^jtmi! uses of stJhtilfeins are m sj^viromnenis 
os'TUiurang hivih coaceatranons metid chelkor^, whidi strip <:aSt,unn ;tooi 
subtlh^in md compromise iis stability, U wouM, teciote, be ot yxo'di pi&^uc^l 
sigBitlcance (o create a highly ssabk subtilssitx which is indepeadent of calcium. 

25 Ths present iiivmors have prevloiislv ajted several straiegies le increase 

tfee stability of subntlsla to tl^erm&l detiaturation by ^assuming simple 
ibermodyaaaiic models lo approximate tlie uisfoMitv n-an^auni (PvifoSjano et ai,, 
Etiiebex2ist|3: >(> .>07VOS2 (1987\ PmitoUati.^ ct . biOL.x-«Lva ^3 11-83 !7 
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iRCCjtk Rev BtotccMol B 2P~22^ (1988) H*.nvoa, improxcv ouuj s>a 
mutasii?; wMch arc BUbk *n Uyastr'al eavirosisdntiS, e.§,, wlHch corripnse metal 
c&elators, md which do aot bind calciym, sre curreMy not available* 

5 cmiHCT^ xn^xin i r mi i\^¥\xiQ\, 

Accoxdimi" n <^ i o -^r-- >• - s'i^i^ ^ o\jde unnatcd or moJifiea 
subnU^m en ^ine<! e g . cia^ss I subti aies< x 'fuch fea^s? vX'ea tre«3Hiei lo a. nnuie: 
caii;}Sjp brnm^^g. A? med m this mvcatiOB, £lic term 'miiiated or axdtfic*! 
MbtiHsm" is meant to kclude atiy seme i^rotease; tmyvm which has beea 
10 modited to elimm^e caieiam biBdiag. This kcliisies, itj jsarUcste, subtiHsm 

BFH* md serme proteases wMch mo homQhgms to siibCilismlPN', m particulat 
ci^s: I subtiiases, Mowever, as usM liersm, asd \mdef tJje ddiaitiOT of mutsted 
0* nioM s^btili^in sJftAin& the of tills imeotton may be 

15 annao aad sequence ^d<s{3t>> wilii }a<. nquenui. refejeiiLeu .uxivc toj subtiL^s.a 
BPN'i siibtBisia Garlsherg, snbtilaslxi DY, sabtalisjo asssylosaeeharmois, 
Hiesesticopeptidase. tiieriaitase, or Saviisase asd, therefore, may be «0Bsidered 

Th-i iXtmated subHli&m t:xijjtr&^ of mseatioa are nsore stabk m tbe 
20 f rt's'^nov y raetsl chelatois axid laiy abo coa:jpnf<e eiihaaecd dierma! stabihty tts 

tlic ovomH rohssaje'^N oi i r^ov^jin Pi ro .5s hioh i 'i d nuI uc 
mahie in tbe p?e«!ence of oh<iobontt. ajt rt^, .In- -en ^ a .'1 j.ul-. *^ h i ^.fmditious, 
uhidj aoui3.dly tend to macuvato psotsms Thc^udly aahiy piOieui:> are, 
%$ iherefOj^e, expected to be us$.tiil for many imht<!trtal and thmpeuttc app Ijcatioss m 
vvhidi lesmaace to bigh tempexatare, hmh soJvent conduiuns or extended sheif 
life js reqmret!. 
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„7. 

It ^a^ bct-n CHTir.erdi^^covere-iikai combiBHig mdivkiual •?rab?hr::!g 
muiatjons m subtilism frequently results la appromsately addiuvc iaciease^ tlTe 
tree energy of stabilhs&a, Thermodfsaosic stability hm also been shown id be 
related to resisteace to kreversible sjM^vatloa at Mgb teiiiperature sad Mgb pH. 
5 The slagle-site chssges of tMs mvesticsn mdivid^isily do not exceed a 1 .5 Ksai'mol 
contribtirion lo tlv free org) A<'d >^vg no'vvcvt-;. tliSso ^nall mca-mcuuii 
increases in ib.a tiee eactgy -.n stabihzatioii resuk m Jramntk increa-sss ir* overall 
stability whesi mutatioas ar^' co^jb^ned, -^incd iLe toi^il !.V«i: t;neigy of tblding fos 
most proteijss kmth^ rauge of 5-15 Kcais/mol (Creigbtoxt, EicoMmi-Stmem 

XO aad Molecalaf Ff.Q|)^rtles.. W;H, Freemas and Cot33|sa»y, Mew York (im)), 

X-ray crysfeiEograpMc analysis ; of smral combmatioxv mutaats r eveais that 
c^jifarmatiotja] changes associated witfe each mutatioTi tend io be highly localissed 
vv'th rainhaal cai.wrsym o"" Lht- h\L\.>cai s1..;o^uk^ 1 hus. very larg« increases in 
at3bun> can btf adilcvtd 'Aitli no us iu- ^ v.:-;-isu«- m uyc i^jrtiary protcia strucmrs? 

15 and oab mir.or ir^d^poBucni ?.Ueiaiter.s in tho a'un>i-* vKkI seqaeiice, A;s previously 
suggested (Hoto et at, 3 MoL.. Biol 160,023 {1^2}), comribntious io the free 
energy of stabllkatlon C3Ji &e gamed is differmt ways, meMiBg kiproved 
Ijydrogen bo^disg and feydrophobjc Imeraetiom m the folded fonn md decreased 
chmrx ea^opy of ihe ttxifolde4 sn'xyxm. Thb is significant since thermostable 

20 en/VHH's generally have nson^ ~i ; ^ bn-^ader temperamre raixaes, 

thereby improving bio-reacor and i;io r\ ;:o-tTsancK 

As misdsiq^ra, the iavcntsoa |}ri^\saos P\:l"-fii5^ui rmii.cxtc svLioh co5U\'nse 
one or more deleUoa, s'ubstiuujon or addition TuiuaimaiJ wbch provide toi lise 
eliBunadon of caidma binding. Preferably, this wEI be sffefOte 1 by delsuou, 

Z5 vs^bstitution or inscrtioTi of amit\o acids into the calciutii A-site, which in the ca&e 
of class i subijia?es comprises 9 amicto acid resklne? in helix C, In tlie case of 
snbdlisin BPN\ ihs. inUilnmmimit< will preferably caiupri'^^? one o: iiKsrs- 
addition, deletion or subratuutm mutatiooc> of the amino ucids at p> -stLr-ns 7> o-, 
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-md most preferably will comprise the ddetws of waxm 7^ b ^ of 
SEQUENCE ID NO; L The ddteiioc of ainiao acjds 15 S3 lu^ been ciiscaveted to 
cffcotivdy elismtjate calcium fekdmg to fee resultant jsubttlism mutant xvMk stUI 
provjdiag for mhtHism BPK" protdas haviTjg etsxymatic w 
5 Such SB^itilisift rstJtaRt's lackms ammo acids Ts-g^ 5 v^' r; ID NO- 

se<|«ence, e g , mutauoj-L* wMch p50\idc tor jccuc<::a prutvvlyi'i h in ^mo^ur 
object of tlie mvcxxttou to produce sufotilism mutaiits lackuig cdlclmn bxdvT.g 
acaviiy whicii have been flirthet mutated tt> restore cooperativity to the fol<5mg 
.1.0 reaction and thereby enliajace proteolytic stability it is another object of the 
imeatioTi ' !M 1 < .mostgfek sub^fem niiJiants wbicii fiirther do aot bma 
caicsum ah^' ^ > ^ eciflc combinations ot Biutatlons whtcb ptovldc for 

la parUi.ii.Ur, ti^o ?i3tndi,sm aiutants? tf tro ">v-^ut lauTu o.^ ^\Cl \KiuJe 
15 -snb^lisliis fiom Bsv^tHu^ jj.Ldx'-iJ', sud^ as subtJasit BFX' , tulrtjlistTs Carhher^, 
s*ubtiHsin DY, snbiilism airij jossaccljaruicus &nd snbtilism meseatiajpeptd^se, 
wfoiisb eompj^e om m more deletioBi su!l:sitiMbr5: ot addition sautattosas. 

Tfae present invention futther provides fbr snbtilism mutants laeidjig mxxm^ 
«cids 7?'55^ of SEQUENCE IP NO' i. wMch liave aew protein-protein 
20 . k t o enfrntv-vJ so Lie -eg5on<^ a.oy: d deletbti ieatiling to iajge 

' n-^'oso' V - a ^*abi Mc^i^ spc i icali^ an nions a: tea <!pecif3C Sits.s m 
ss*.\!lis5r h t ii' - onokK^c^ a.c fro^ deJ nOv? ■!^^-' i-.-^i." Jdu iLv, a.-'d 

Cv>ir.biTjaLOH, have >>«xa iouKd so iH»,ie^.sc ilif stabilit) of uh sishu.5i.5n proieui 
Improved catoum to subtiiisjss are thus provided by tlic present aiveatioa. 
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Figure L K-my CryM mmm 

A ct -carbon plot rhovt s the po^iuonf! of mutatkm<i as noteJ The 

S c^v,\,.n al t c weak n>a huKtLs 5<Jk> md ihf tonixti posux.-^a ol *Iio high 

arfiv^y. I'Miduia vre {^-sste) The A-site loop (^.^fasJci laie) is absent n tiiiS 
musxjm. md C- termixu arc iudicated 'Die N-teiiisMas is, diwidcred iviotteJ 
Hne), 

B> Cl<m~v^ vsew of tlie A-site dekltou., TIse loop ^om S12 sabtilisiu 
10 ;5?iu%«5 3S a dotted Ike witis fee ooatlsuous holxx of Si5 Superaisposed ijs tfee 
'oa ih *..cnce c'cctrun density (FOO-^OlS,, phases from SIS) showmg the 

aeietsa A-sn.« loop. 

suH:1hm CalamB sho%va as a doitod sphsic % i& hsilf ih.& v an der ^Vaaiji 
15 radius, 0ashed Im^ are coordkaftoS; imd»> while dotted re^r^seat 
hydfogen bonds «Bder 3,lA< 

B^an 3 Differential Scarmmg Ca1orimet?v The calonmeitic ?ca:« of 
i| ' I O's S U oHi C no^iov.'? Vt < siuesuerts were 

.VKO. V ^ iv' 770' r;SC n to a' ^c.n 15^' 'm v bv.u 
20 <- iud„c 'o' u^. >n„ n\^u v.;. o.j? -'c i ^(..ri -a J\^toU^ x> a <)lI 

BiOvX-amtn 28 '^2Q5~~'Z13 a'^S9)) S*«ap1e coEdjtWTSi - 50 mU of gljcuic, a 
pH of 9 a. se^a rate of 0,5"C/min F^'icuss hmi capacity ss measure^l h us3t<; of 
The caiotkns^er ampoait's couumed 1J8 mg of protexn. 
Figure TitratK^B calonmetry of suMHsia SI1 The heat of calcsina 
2S b5nd»\g tcff . vx o^^ix ? -itkhdoas, of c^dcmm are plowed vs. the ralio of {Caj/[P3 

The d&U are- hcst tu by a cak^iiktnt bimUng cx"ve as:>itmm§ a binding constant of 
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\ > n4 V.H ' f ^ " K 01 >l «=?m3 v^>nt ouli ^-se ^ i r 

In this Mration, [PI lOQ^M aad die tesiperamre was 25 "^C. 

I'mure S, Kmmcs oi caiaum dissociatioa teom subtdism^ll as s: feactsoa 

v! n ui-^NOi. u£o-- UvQ it.^ '0 k}l il mil j. > dt^u 'jhjiimi is 

iJii <. vi. <^ ol ~~ i.mn u stv asm s i >!i£>HvJ K \nuv 5 >. r 

A the !og of lbs percent oi fee pxottm hmM to calcioni is pktcta v s 
,1.0 ume. The kmeucs of dissoaatioa at imt teinjjef&tswes are gfeowa. llie 

dIsscKJjatson tollows test order JsaeUcs for &t fest 25 % of fee r^saetion. As dsis 
s& \^eH befoic eqmhbnum is approaclied^ reasscsciaOTti of walcmaicaabe 

neglected, 

B Icttipeia&re dependence of l c ute o*^ coicjum dis'socsation funa 
1$ <J1 i ! nUsm m he pieseiice of i-xcess Qaial, pH 7 4 o^er .i tenjpe<-aturv 
i<sage 0* "^^-i*^ ( The namral !og oi the apiihbnuia coi&tant ior tiie tfaiBm»m 
smte icalmlated from the Ewmg eqsaaon) is ploited m. the reciproeal of. the 
absolute temperature . The km m fit aecordmg to equatjon (3) m the tesa wi& 

10 ^ 'gure 6 Analysts of sufoitosft retoldmg momtored bv cjroslai d^diroMa 

fCD>, 

i 1. n )t^»u < sU>^ ixnl^vx n^^nAH PC 

> i < * N \0B i,^^ S 15 deiutuiv 1 at pM \ B3 aud aeutrtod to pH " 5, 30 
23 IF wutes iilvj liic additiOii ot KQ to 0 6 M asd (4) Name S15 Mibtsiwn Pjotua 
coBceRtratioas oi all ssaiples was 1 wM- 

B k jhvt' ^t fetolditig or Si 5 Satnples wtsre denatured at pH 1 85 
and Usen ihe jsH %v i<> ed to 7 5 4* tir«e 0 KCl wsb added to the dfin^turod 


wommm 


protem, ilccovcry of ruuive struciurti wa? folU^^Aed ai 222 mn K(?[ 
coacentradoas of 0.3 M and 0.6 M. The 0,6 M sajiiple after 30 »uiuuc& of 
tefolding was then used to record the corresponding spectruto m part A. 

Fiqim 7 K»netjcs of re^oldm^ of S15 as f fiL^ctioa c>nK HFes^th 

5 Ilk loijos be| K( i i ! ihe 

v< deiiii c j 1 ' c '-i.il " hr» {CD) ^r^mi ht: i \l xkl^i ^ c 

^♦ihpa^.n^• at 222 mn iCH)*^ i\)idi»g is de^nuined from ihe H$n^s. m 222 xx.% .ox 
native S13 at the same vcmceatmtson aM 0% toMmg j& deternusisd from tl><^ i»igaa 

10 for acsd-daiatured SIS Ik refolding sppioximately follows first order kmctsc^ 
for *h. firsi 90% of the leafeon Refoldmg 'svas carued oal ac 2*?^ 

Thslogoth' vi r I K vos^ -^t^ U^'-'-do J <.u..td b> C D 
u tluoiCNwnce measua'Tu v ^ cjv, floncd ti-vnoi> k ^ ot o 

strength lomc &treoai" \^ jrf<.''nnoI o2"ttl~i'^ c id' o« Kmi<,ar,j 

15 increases imeadj ^ -di lug I \ tea told aicreas^s; m ! ro^uitn «n aa ^rf'^ ^.maltK 
9Q-J0M mcrease m the retoteg mte. 

*^»g?ir*? 5 Tcaiiscrstaxe depesdence of tlie retoMmg rate ot S15 
sthii 3aO 6M Kil 23 isM KPOa^^^ 3 TheiuaiTalV iiL qiuiibrum 
V ! ns . X* lo t'aasmos *5{(i«e <c3ii.u)»ted Ui\m the F^rmi, sj^uano u plotted vs 
20 tl V 1 tc i^'-v V ol fa" -^n^ola^e itjperature Hie Ime is & au.ordxag m eq&dUim. 3 
m tlie tm wjtli l„"'^29*s is. , 

?^,??ff*? J? X-m"^ vrvs«a ^i-vii.ajic of *hc ^^^3. im Dtndm^ 5 on SO 
subtilism c Wtotim bosds a-ss sho\^ n a-^ i,»a&htd Iiacs Xoiv ilje 
pie'iondctaiice of thaigcd ai^ijao m^h 
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\s di-^cu'^i.t.d mpra takm n hmd t>g voi tribute s^JS;^sUiit <ii ^ > u e 

\tei ^ei, Wita respect to iubtjli^ia, htah acttv^oa bar lers to unfoidm^ rr& ' be 
5 e^sej t al to return the sative cojJlbnsimo and to pievei t tiaiis^iem uf^oldmg .in<J 
proteolvsjs gwm. the protea e-flUed ea\sio»mcat where subiiiU^n setieted ma 
is A rcNult of auto degradation 1 ht mMdi&i, teattion of «:rfetii »ir 1?e umdM 
into two parts as follows ; 

ID N(Ca->> NCCa) - N U 

v-hae ^ftCa ) iS i^iC smtivt tonn oJ sutitUfcsm sv & oaicium bound to Ixjil* sit^s, 
N(Ca) i tfie i^ative foim of tJbith i ith calcium bouad to the hsgh affnm' 
cglcsum-biBdjag & t« A iFsss^l el -si 4 CeH. B^ochsm Suppl m\ 272 { i9So>, 
laatohano ct al , BjQS^teJstry 27 831 1-R3J7 (mB) McP^alen el a* , 

ca'^uiaic tlie mhBt on of i.Al>>J*ii i t« me Ire* crag) ot feuhtilism t >ldmg tsoTi 
the tollowmg equatioii: 
2§ AQ^,^ ^ "RT tell -4- KiCaJ). 

llius, tile ooihfbxntoq U ^li*? A k> », sif biHtv ot stfUihsm m sOmM Cvikmir 

25 I V d^ci 1 0 thq xiacht, 't oxs i J^tv oi s,«hWi'>tn 1 1 *I c p c<!0!V v of iai'im.< 
cocct'xjiru o ^twki'im fBi-si\ton & W«1H Biochc n 31 77% 7S01 (1992\ 
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S ^« n^xti s i ra ii d\ N J ic pjotciu vv&ose stability 's m arfe,e p^n 
medja ea by Jie tiijx ^:mii\ < Uuito 5>«e iVootdoiiw «r a) BiJ^«0 
15.37l6-i724 (1976), P-*atoIiafio et al , Btochemm S31 1 83r il«8?)> ll^e 
meltmi, temperamre of subsilism pH S 0 m die ^ nf -tx L- 
5 COB mratioii<? of caicium is -^ppfo^imatdv "'>"C ^tid ippio\j*a«vvh ^"5 C m die 
p e. \ 'T^k-a'^b a <3l , Bxocbemis£r> 20 61iJ5-{sl90 ( 9BVi 

'Bx\<m' it V \ S A 

(sipoeiigyme, i e proitm poitioa ot ui2jt«e; form t i,\^i±i>m rdi^atscd tot tt 
10 oi marginal m&hMy at 25'C With a AG of umoldmg ot <5 fecal moi {Paiu»|japo 
ec ^1 as 7201-721 3 k mm) Because catojs is, saUj aa m ^grai 

part of tfee i'j^nlivm ^strucmre, the apoeajfyme is, ttooagto ti? be ^ ^oldi^ 

L vdc to aidv|.v,nuvirK exanu^e tU pha^i.j> ot xkc \lau :? ^\o(.c^s 
15 iht. pj e^em srx e^iur u >n^Jn\ ivs! a si^ rcN of nmtast subtiliML*- Fn vt, ' 

proteolytic acnvit) \^ rfinimatssi m order to pnjvsjut aato-<fe?gr<idauoa mm 
oceoirmg ditrmg the tmioMmg and retoltog seacuoijs. Ihjs may be 
a^coiSHpiished, tor example, by cosvertmg the aaivss-site ^mse 221 to c>stei»c 
Tbi^ miJtatiOii ^a«5 little ctfect oa tlie them<a denatumaoa temperatsirf of 
20 ^130 t i^s but rediitespeptidaste activity of sabtiii&oU <. t or t ^p>ius,iu^el^ 
s ( ^\frahni^w£a] . E oJienit^^^v ^0 U^l 4| -^^ ^ 1-^! } V uan 
f <. k s h a ^ i t \ ^kq* < t I n us 

o j.)KXs,o ^, s s r e pies*, re ^poafi»„.^tioi3i, s sboichaiid tt<i dc>i«t^»& aisiu v- «!,v,it. 
stibstitiitioBS employ?!! the sitjgle letter atuno acki code of the antiBO acid to be 
25 substiBited, tbilo^ved by the nuaiber deslgaating where is the ammo acid sequence 


The 5221 A mmsin ork^h-;:!!)- coiistruaed fur ihis piirpuSi:.\ i'he 
ff-^iiuri.: font! on'- s l:cL^rogeneoa^; ?m ir<5 N-terminus, 

however, pr esim^ibly due to some mcorre4;t pTQa?$s.mg at the pro- 
effiyme. 
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at. 0 to be iSNcned tkctcm. hm tKamp>.s $2iiL dmom die vvuhsaivuioa or «!t?i5ne 
221 to cy^iesue The suJstihsm wmm mih &m$ks amioo "jcid siibstitiitioxj 
denoted sabtilisiii S22iC 1 he resaitmg S221C subtillsm mutant i*? deMgrutei;' S! 
S Tht vdhnhm t^av be fortlie^ triittitcd m order to make be relsu s e*" 

unstable .-^^.f rf ; .t.< md ^uni^ \ ^ I ^•<.i h ihc ^ vi 

fo\jr addr ooJ Mi i> iHis A^rv-xryk M'^ii^ Q^Ou Ka.K^N2i=»s n^v 
Ko Iv cmplo\ cd m tlie mctliod oi the pre ; ^rn ^.n ? h\ "^ikL t^. tiie« xt utaUor^ 
u.um>sUn\dy iwease ik* foe energy ot safoUhig b> ^ 0 kcal moi and .nciease 

10 the &ennal denamratioii temperatare ot the aisogJWtae wn.3'C {Pm&hm.& st 
^ , teJMEm nm~nn iim9)\ rue mutant coBtmnmg the M50F 
Q206I, Y2nK, 1N21BS and S22ir matatKm is desjgnated Sll aiid iht luuiam 
CDiiUtoitJgtheK0OF, K ^ ^ ^22 ^ ' 

In i-^rdei to pif^u^v ^ ^ut n! i ^PtN pro a .^ck uki>. \ i xumi 

15 acnv it> the pfeseij^ inferiors i?KvU^* k i*cle*e ±c buicwi^ ioop u. (ht kitkwm 
Asiie 10 <?Fgmevr a ao^el wiejum-foe &ufetilj'?m p^tem Thj:> loop com|\ i5.e& 
mterrupacfu in the subi&sia BPN' a-Msx wolvmg atisno acids 63>85 ot 
StQVmCE m NEC i (McPhalvU and Jame& 1988) Residues t5-S3 of the 
svihtilism BPN' piotejs form a loop whtch mterrupts the la^t tarn of the i4-re^y«e 

20 alpha hmx xn\ ^imo acids d3-85 [SEQUENCE ID NO 1] ' Fmr at the 


<i \ APFtia aie tko s?me ™ C 003* I! ai 25 C, .'^ x)) Ihcs 

mea'?i romentb wexe pertomtcd oa pmtem irenhh pnntjed on a mercuiy 
af finitv colnnm. 


I his ^ct of time fc*iiduex w i«5 choseji t.k>?«Mm as* oppose 1 tu ''^ 82 
^ihose aaually 1 elo'^ ^ > > ai ^i^^.- 

tl'anGl> Sikithi X ^ i i ^ i t \ \ ^ „ 

statistics! hkek!l0.5d foj tx^^i a < Jv< ^ j ^KoaJ^-s 
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carbonyl oxygen licaads to the cakiuiri proYided by a loop composed of amko 
gcicis 75-83 CSEQUENCE IB NO: Ij, The geometry of tfee Hgaiids i$ that of a 
pentagoiial l?wraaiid whose axis mm thmugfe the carfeoayls of amiso »cids 75 
and 79. Oa one side of the loop b tfe bldeata^ carboxylatc; (D41), wiule on die 
other side is the N-t$rminus of ihn protein aM the side diaiE of Q2, 71ie ssven 
coordiawii,m di-^ianccji ran ru>;;; : : \^ 2.6 A, the $himtsi being to ihe ;wpii'ayl 
c-arboxybie. TIitqc hydro^n'.. bao^K bni; liie N-iersnhuil st'ar«ont to loop residues 
78-82 m parisUeRHtla arrat^geTucst- A hkh ainn^fv ^^acosm binding .site is a 
coinmoa feamre of subdlMas-wliidi maks iarC5fi coBcributiotiS to (heir high 
By Miag at speeiSc sites mtkt mhm$m t&rtlaty strnctuire, 
;iract«re, caldum coambates its biadisg free eaergy to $ho stability' of the 
nadve state. M the present inventiotj, site-direetcd tmttageaesis was used lo delete 
mxmio acui^ ^ n^. m Qi UNCI: !h NO, i. vvliioh .:rcai«; a.n nramon-apted Ulis. 
and aboiisiic> die oaicsura buidiag pot««uai at site A (Fitguje I A and IB). 

The present mventors believed tbat a stabiMsatiou strategy based ai-ound 
calcium bi^dmg wouM allow sandval in the extracelMar eaviromaest, Smce tlie 

3rodi3ce a stable sjibtiHsin which is iadepesdeai of caicmi« 
aud, dit rcioro, unaffeu^fi by the presence of tnetal cMatnig agents. Th^^s, 
sm>MH/ing rausauoKs in siibtili^in can be cias^ified into three groups; i) stsbi1i?ing 
ordy ill caic^inn, 1} suhilmng only m cbekim^; i;- s'.ahiibmg ui both coudiuons 
(Mt- : ) 1 roifu ids partinomTig it b evideat tbar the mcdxdmsm oi tu-umi 
jpendtag an whether the ^Icmm site are occupied. To 
J w% ffiis k cmmm mmxmmwm Idnefe of h 
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a c LKd \ d\o ka cncN ol lintoyiiio, <Md how the kmete of xnUoidlng ixc 
tdmrn to the toetjcs oi cakmm loss. 

Wliik the preheat mvetiUsts those ts) cismmat« caicism bmding 
mBoval oi &ese ammo acj<fe a e sxmm acjjds at po^itom 75~B3), st i>lmM be 
5 pofe'siMe to eiimHiait' cakium hjidms^ bv other miitarojss c g , sub*>t cutum m'^ 
}>.('>. it ^ a K K i. h iltsn\<ii''t ..sou ^ K i's ( 1 

m - >Mi I ' ^ i <. ! ! o u I i c i f -J *>c to p<-^>^it.n .^ 

XO expected feat ecjuwalent mutoOBS for oih«r sabtiijstffij la particular class I 
sisbdases, e.g., b)? sjie-specxfic ssjtagesesjs, will Is^ewise sJmsBsate calctom 
'imding aad provide tor ea?yxaatxcaS> active mytajiis 

" vSCii,$i.vs N iue^ NubuliNia BIN l^hA. *i ui s .uunate 

S n» N '^'^ unoH'edmcaiciunibmL, v<^^^* ^'"^ ? <- 'Tivnse 

V uait.aa»d subitiUitiojs tnutatSoss Tbs^ mUdtcd i>u*?tuiMa Bi h ON A s, upon 

expression of the DN A, provide for subtitoa proSsuis haviiig eateced thermal 

sfiablhtY aiid/<K which are i-esiscant to proteoiysjSv 

Thd speafic subtrljsm BPK' luutaats syatbesizol by the pic^eat mvcmors 
20 ajte vjesxs^s.^ itJ li^ tkii, apt>Ucant.>n vte S^6, S47, Stb S""^, 

^iih tl^c pjeseat rnvestioa For cxaniple, the S15 Biuuat cumpn^v s a Jekaoc 
25 atmtio acias ?5S3 «md additioxiahy cor%n$ej. the foUo\M«g sub&timtsori rtut£itu>ns 
S221C, ^2i§S. ^^50l a.rd T^.- S^O mtUant &miilaily compr^cj^ a 

deVni>B of ^mrno acxas "^vf ^ anc^ a idr oiuUv cvonpfifeS^ the foilo\^»ig 
b«b&tiTut»o»mutat!om b22K P^A M^l?^^ MsOF i.tid Y217K the S4o miautit 
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comprises a Udedoa of ammo acids 75 S3 aad addidoMly, coisprie^ tlw 
followmg SBbsdmte wtatiom: M50F, Y217IC and N2iSS, The §4" muia^^i 
siiBilarly comprises a ddetion of amiiio acids 75-S3 and avMitionally c«mpnse$ &c 
followlsg sabsiimtloiiinutatioa&. l^A, N218S, M50F mtl \ ^I'-K. Tac S68 
S Hiutaat comprtsj.*? a dv=!tei!oa of asnitjo ac^s 75 S3 &nd oiMiLo^i&'Jy a^xn-pi.'^^A &t 
followmg -ulf'H'.au.r; mtj\'jr\!ns A'^.n ^.1m"'1 <«xi\?rK> ihc "'^ 

mmaxii compmes a dekuor of anuao acia& 75 Si as \^cU as me tolb\\,jrg 
s^Bbsdtuiion muradous; Q2K. M50F, A73L, Q206V, Y2^^Kmi mm 'Tbs S79 
imtmt coiupmes a del^xoa ofaimao acids 75-83 and addidoiial oomprises tbe 
10 milomag sHbstitutioa mtiiatioissj Q2IC, A73L, 02060, Y217K sad 

^.'21SS,. The SS6 mutant comprises a deletion t f amiuo ac'ids 75-83 a? xv«U as 
loHewina ^.ubstidJtion muttitkti*!- v«?3C. M50F -\T3L, Q2<:6C Y^ITK axid 

toJx>\-vuig &ubitituuuii raut^no.ii»« Q2k, SiC, P>S, k43N, MSUi-, A'^L. Q2C5i\ 
15 Y217K, and qa71E. Finaliy, the pS!4.9 mucsmt conipnses a ddeUou of 

aiurno mMs 75-83 as wefi as the mutations present is tiie SS8 mufent and the 
followfsig sufestitatioamiitatioas: S9A, I13.IL, G166S, ei69A, SISSF, 

N2.12G, E217L aad T254A. The speciSo aetivides ef the proteei^'tieaily active 
S4", S6S, S73, S79, SSS and pSl4^ subtdisins Itave bes;« found u> be 

"icauts h < 'fitoui o-'c . ! Oi he ^>^vnl£ p-'uu-.im.^ ^.^'"'k bK Trb 
K-A^N, M50K A73L. Q20oC, Y2niC Q:!7:E, &9A, IBIL, HI36S, 

G166v*5, Gio9A, M2i2G, SLHL and T254A Futihermore, appUcants 

25 kwsider as part of thek mventson A75~$3 snfodlisiB mtttaats wldcfe coxiism c ne or 
more substimtions selected fmm the grois| consisting of S9A, UBIL, EI56S, 
G\m, GiO^A, ^\88P, N„i2«J, KJI7Laud llSiK, and optioiuUy logefer viith 


P5S, K43N, M50F, A73L. Q206C, y2i7K:, N2I8S, aid Q271E, 

The various A75-83 ssMlisms wlaeli were synthesized by tte kventors are 
shown m TMes I asd 2, iseiow. Tlie parlicttiar points of r-u5Kv,ic^r. m the umma 
S 8cid seqceace of subtSisin BPN* smsm acid sequence, 3s s^^t fortli m SH(;iUHN(:E 
ID KO-.t, are idmtlM. Th^j synteis of tbese mutants is described hi more deiaii 
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of ^lihtjhsm, ms? {hi'miodjmmjcs and kinetics ol C4lckm bmi5«g to the Mg;:i 
af&iitj' caiciwi A-jiite vi?cn? measured by mfcrocalormieji^ and fluorescence 
spectroscopy, Talcmm bidding b m entiialpkaUy drives piocess mti\ m 
5 'A'^mcmtion vomm. (KJ eqml tc 7 x M ^ Hie Unenc barrier to calcsimi 

haii life {iy^} of c&\cmm d5s-wiaUo« from $xibailism, l^,, the Ume toi ha^f of the 

10 caidmnto dissociate from stibelliski is L3 hours at 2$-C. 

X~mf crystailograpliY shows tliat except fas tM region of deleted 
c<iknKr-Mndmg ioop, fee strecUir*? of the siibdlisia mtitaais aiid tfee wild type 
'Horei.^ :.tc vcu' i-uinlar I ac X tenaaius of the wiM-ty|*e proteta lies beside the 
.^iTo \ lou.t .-i' t s.raiN..e^ on^.' ..a^uim coordmatJO» ligaxid. the side cluin o\>geii 

15 ofQ? in A.'^ b3 suba'^v". the bOj> > "Cd' \uj u^5<^it;<; M a^j, i Ucsed 
1 hcic tlist torn rcijdui.'s are dii^ordoaxi m th»^ X ia> sti uctme Since at' itjs 
iateractiom s?evt with fee cafcmm loop, N-temsmi seqysisciag confirms the imi 
imxK sesii^o acids are peseat, eosfirmisg that processus occurs at Ifee normal site. 
The helix h shown to be umslerrapted asd shows aonaai helical geometrs'' mer \m 

20 eiiuje xt-ugt.- N:-ray ctj'staiiograpby ftirther sliow«> that the stra^t.iies of v.h ^•,10 
\¥3ih and wiiioat tiie deieoati supcsanpose witli <i rm^ s<^.*ajo as s ^ 

coi»idmiig the of tlic dcleii^n, DUhise ddfer er^cc dasi^ity dXid hig/er 
tempet'^mre factor??, hov?ever itidi<»te some disorder m the aewly exposed 
25 residaes adjacent to fee delmon. 

Wiik the eliiKsmuoa of cdduin buidfeg b advantageous since it produye^ 
prot^rim that ate more stable in ihe prcv^eBce of mv."tal chehtarSv it is 
disadvsntagcons m at least one rci.|ioct Specsioall) , the eltmmalion of tlie 
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I i i)i h3 oil'u compais:.* mat -it 0 6 uiul^ a th« 
dv tJ>ib/ iixm of Mxe Tutnt iUie rUamt- to uc p'otjaU^ foloeu m^^^ and 
theieiore a io&s »t cooperanvjty m toJduig Ths pr«sm mv«at<,i& thus ^sought a> 
fmthcr ges^iMy ea^eer the suhulnm Sl$ BPN protcm UChng m^mo ^v.>s?n 
5 71 8i m order to restore coopmm irv to tlie fok't^e ''^'^^ i^or In rai, si \\ ell 

ox 5 I ai to«.c ie\ <;«njc NtJnUf t. o Ik rif u t j.ii> t 

iQ all local ffijsractiOHS. 

Ther^tore^ wMe &e A?S-S3 mb^ismis an exasipfe of aii engmsered 
s«btilx<;«r ^Hdi activ- a«il ^stable m the absescs w^uum the pr seat 

? >? I S $ Ut U i i -iJ 1? « 5 

5 h ^ n Ul Ul i li^i 05 1U Hi! 

u\ < I t ^( fi i-n f t lu Mu K, udLi n M I H t ^it ^ s (} 
erea H d mrat^h tfee prot<.o1 atftvr> oi Ssj>btihsm Ins jn aev.0Si.jT> btjtau e 
cali^mtn coaif il?afes greMv to fee confoi-iaatisoisai stability of siibtteij aa^ the 
early Yersms of cslama-tree subtilism ate SBScsptjble to proteolysis. Ate 
redti^.m^ the <susce^tibiIiQ? *o proteol^stfe, the m%t 4>tt-p m tht- c\Uc; ^^.^s 
iJO iin i •>eq»ca<.4N es\en»a1 lot »,-^krsm omdms* i t nK \ u > 1 he 
b ^"-^ ^ <;uhtjh&ia i*- !BU?i k^-s <5Qbk rfua ti^e w t > jt; nv. -lal s \n h 

set! i k s n u« * ^ jj^oie MaHe tex \%ild t>pe Stubtilism la the 

presence or me metal CBektor EDI A, 

subuhi's m m To jnffO'ie tlie s^abiWy ot e Hcinji su^nh'-i^ Lie pftsstat 
m% i^nforis ik« ined to vreate a home for tkt, dt ordered K tennm il residues lu 
oidt* lo ctt^te a hn^y stable s^icmm Iree subtilisai, ik ^ an d > ct f the 
|:.iaem\\Mc3js<»dv'5 iH'i^eJm ijedeletiouoithecalui^ai ^ u be 
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mod fied F^ar example, fee N-temuna's whtUi is diso'de ma> be aeieied ^w 
exteiKieU Tfaii^, however, probkiuatic because the requifsK»«?n^;s for proce<?Si.-*g 
tbi- propeptide ^om the mm e pote « not known It v» kmvi>% I ov\ev«jr t^a^ 
tiic procesbmg ^ ot I krmjacd b\ aiun^o acHi sequence smce mmms YIA 
5 ahe r Iti turn <5 ou t ( r oi: v \ IC J QZJ^ d i ret alter the s^te ot cleavage 
" ? ■^'^u lui n ^ aanm ubttli&ui does am 

dutix iXiH tho deaxi|*t. site txtaavc '^h» K":? ydru^ts arep ocessed conectij 
Smce It m/mt yet Icaowa bow to alter tbe proo^smg site<, mteractious witli the 
mmmg t^-tmrnxm rnay be opt^rai^gii. 
10 ExaiEtmate of the structure of SlS subtihsin: revved liiimmsus 

possiMttesto jmpro%mg "lability ot tfee mutant eK/ytti8 The regiu«& oi be 
structuie most a%aed bv the delet or are the N tentsi axn «<> dud^ \-B, the 
45 <o lo-^p % 4 u 4 h X > ^ » ii J i ^ > I r '^>^ 

ly the \ li} Miuvtut s i ^ vTactioasl»a<ihec!i\vjili% cduuif! *oop. 

tem ^ti^aeac^ng 5»iH ^s.s, ji oweve% that the fct four Ammo acids- are pie:>C£;t 
a>tjxira3{ag that ptoce^&mg ocaatH at the normal sjte 0&& thaa the Nneimmiis 
there are toee o to residues whose Side chata cosforsBmom are distmctly 
diuerea^ fron^ Wild t^pe Y6 s\% mgs out at ^ siirtsce mche mto a mo e soJ^ catt- 

20 ^^vs. u s ai « asi tjdjrect ettect of tl5e destabikgat OS ot &e N-teifiiinm 

I> 1 « 5 V Jam 1?!fc,aTtd aid"\2^u dej^o<i^oordJiutcdrearratigen{;nt 

^igs't c^iit -> dac to iU' ueJeuoct ot a»iino a^.d 75 S I m ui ioa, 6{J7 and ASS 
do j*v?t ;.hange coii&risat on but exhibit 'Jigmfieanti^ mcrea<;ed B factors FStj 
2S ^enr'irutes i^*; a-bela tram wiuch the calcmm bop Vigs. dektcd Ir. view oi the 
above oti ct a ut t o i& at Oi c or mor of .to- o 3 jen H>iicd suts», oi ac tj c 
fnij^tioavid puJX^Bate tbere^-o, ^\ ; ? h j^aiJ'^N niutxtitN 
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Thssre are several logical strategies for rmotfdiag ihis region oC tic 
protein to produce siibtilisk BPN' mmm^ eomprising greater m?) maik actvicy 
or iscreas«d slabUify. Since the N-tcrmtml Ibur axnmo ^cids are di^-ordefevi m tfee 
X structure, one pONfSible 4>ptoach ■'u ^ c^^ j n r>'r n re protein, 
5 T*i€i rjjquiremests tor rr<x> 'c5in|^ 5 I o;-^ h - >n a r<o!i,oi 

areaotunderstona, i 1 < 5 sk^ju o .>c.i.- j-^j Mho \- 

tenijinal region feeretort, piobloj^auc Foi ieaxjun inscruoaN tmx ddHiors 
m the N~f«rmka! region were avoided m fsvor of ammo aeid substlmtioM Many 
of tfee original amine acs<fe mihs above described regions of suMlisin which 
10 lateracred with tfee amiao acids 75-85 loop caa ho assuniea u> no louge'" be 

optimal, r ! ti> 0 jo-sib1eU)iacreasethemfeilit> oftfeemoWcuieby 
snhstimimg >i 0? T5t , ; ui gi least oae amino acid aJ po$ttii>ns w^sxse 

The fir^j -ittenipf raiuak Jic f u>Uri p^jskion 5 m alaasrso to tiCsito 
15 TuorctlvUbjiA-a po^^rsoa > i l\5 mc-ea^ed flt-xihiha allows tiic N~tcrmiiiits to 
trj-' to tJBd a umqtie postdua along ilse new sarfaee of tiie protein, created by 
deletion of the caldnm loop. Oxit^ the N-terminns assam^ a uaique location its 
locai Meractions may theix be optsMzed, 

Tbc P5A mut^Hon 'svas made t»-* iry to create more Hexibiil^ for the 
20 i>> io -I J d o« u i ni\l 1 V ^vs uor Asmc i\f %.\\ Mufaceof thcpiotcm 
ta.r cre<3U\. In Jv.*knoa o^ .^i(.iu?i! .bw-* !ii rktr i\< s\ c ^ rnrfare, Jh^' first 
:t>.e ajniao acids are la an cxtdadt;d conx^ravtwn d,Vi^ >4srsr 3 ;:\^^^,2s\\ 
wjtfe the calciijm loop as well ^ ihe Q2 skfc clum inreraction widi die w^uimi 
Fhe proline at position 5, wMch is conssrved among seven bacterial sabtliisias 
25 which to e d homologous calcium A~site, may iselp si^biisze the esteaded 

conformatian. Tl^c F5A muJatlon In ^^75 S3 subtllisln shoiild thus result jr m 
iucre<ixe in tho cooperfit;vxty of tht. iau>>!vling reaction. The X ray structure'ot this 
vanaat feas been determmed to L8 A. 


a acids ai te different pmitioa^ 



a pardcular sits. The tecb«i<jue f of gsaersti 
5 invoK ??? i /fro tninage:>esis nf fhe clmcd subuh.^ ^\ c s.xrti'^^um ^1f Jhf* 

For cxaix^ic, bin-aysotca oiuni-^ettcsns, si a-? ptalbrmoi on e.e S^o J>ubu1i5n 
ge»e iisiiig oHgonudeotides wMch wer« degmmtc at one eodon. The degeueraie 
codoa coutstmed all comMaate of the s^»esce NNB, %yhere K is aay of the 
10 foar niicietnktes ma B is T, C or G The 48 codoas rq)res«ated i« this popuiaaop 
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Each of those codons is repteseated by only oue of tlie 48 codom coatamM k &e 
popaiation of sequeaces NNB, Codons for aK other amino acids are repmeated 
by at least two codons m tlie population aM would r esqmre screeaisg of about 1 00 
mutmt cloiaes to liav« a 98 % ctoce of being repres^ted in the mxmt 


To idemify the opiunum aimuo a.^ld s popiUur^ truaar^is w 

a of enzyiviadc activity at Mgh tempemiire, 100 tli of media was 
i meae!i of ths 96 weOs 6f atmcroHter dish. Eacb weil wasiaocuktei! 
wMt a te^rte dransfofmaat and iacabated at 37' m& sbaMjig. Ate 18 liotirs of 
gxmth, 20 .iii of ciiitsre %vas diluted Into 80 of TOO mU Tris-HCL pH 8,0 in a 
second rmcroliier di!5K. Tkis dk1. \v3,s (ruin inciibatvxl for ons hf>>ir at 65 'C. The 
disk was allowed to {.xx>l io r'n.sin temperature follo^ving die high texnpefamre 
incubatior* and m d of I n;:>d SAAFF-pNA was added lo each sveil. The y-^dls 
s pNA (ixjmesd yellow) quickest were dees^ed uj eoKtiurt che most 

s<jloiiemtljecoi'respbatlmg 
weii in the first imerollter dish was grownup fm ferther analysis. 

The scixtxmz [ VDuCdutc ;dcn!Uk;d stafoiMftg mufe^tions ai afcven of iue ten 
positions \vhi.;:',h were exuranjed. ..'\« ijoied, these amino acid positiojb were 
selectee! at position? of the proiesn ^vhose e.nYa'oran£-iH has changed sub.sUiadiUly 
by virtue of the calciom doiuaiu deledos^. No raotatioas were ider.tidwi 
poaitioss 4, 74 and 214 which by theimelves sigmfscastly Increased the half-lif^ of 
the mutam relative ^ the pareiit subtiBsiH, However, at position 214 the effect of 
osdy hydrophobic amino acids was screened. No mutata were found at 
s 5, 41 md 43 which resulted m messuraMe bM modest iscresses in 

sat 2, 3, 73. and 
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subtil isui Tiese a>u^ < ruuia ioni> <rf skns nml. bk Ul as ?oLo^\ n 


RtgiOi; ot pit tan 

Site 



Q2K 












Stabih^ffig ammo acid modificaaom posmoa- 2(K>, 73(L> asU iO60V) 
10 w«xe t^eo eombmed to create mbuhsm S73 , lite pr^perto of S73 subtsliSin as 
weH as S46, &79 a«d SSfe are susmiiarized m Table IV , 
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Mfxtmt 

m 

Bis 


SS6 


mm 


Q2E 
A73L 
Q2a6Y 


A73L 


i6Q0Mg 


25 mm 


18 mm 


%4m 


cpc, 

A73L 

I) Mint ubulN .'^^46 ^S"^ S'<}aadSSd<.oBUm&emumtsoa MSOF 

H^f life is mea&a ed at 60 0 . iOmM 1 a«, HO, p0 S 0 '^i M NiC j and 
iOmM BDTA, 
4) hot detenrnued, 

>t nno ! > ^ t.!,5, J J, ho <.5s 


mfiuvm^ed t?^ th«^ -mu w oi6$ at iesghbormg po« tioas TUeicto e m oidsr to 
i mi Ihv? bos,t comfe »at us or tabilmag ammo acids it \,'H be ea?« ar> i onss 

to ^ L. in XI I It t\ o nr '-^t s; c *s s ^ i u i I 
particular, tMs was e^ctsi M posMfo»s 3 mi 206 wt& ammo acids whom side 
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ch&m cm poientiaUy mteact. It was determm^ that the best combimmon of 
modiflcatmus W8$ c} ^teinc modifiaition^ ai posit[<>n>^ 3 and -!06. Thii 
modifimion was deuoted as SS6, Because of the close proximity md suitable 
geometry between th» oystemes at these two posttiom a disaffide cross-lisk forms 
5 spotitatjeously betwesea tee two residues. 

The 5fabiUty of uie subiiiisk vva*^ studied m jv:<iih-;! S"3 h \^.i5 
found that the balf4ite of S86 is 80 mimi&& &tm'C in XQnM Tris-HCL pH S-0, 
50mM NaCI aad lOni^^ EDTA, a 3.2-foid eatiaiicanem relative to S73 
subttilsin. By eotitr^t, a 3-206 disulfide cmss-lkk wotsJd not be able to farm in 
10 miixc mbiilis'm which cmtmu the e^lciuis A~site because the 75~S3 biJidiug loop 
sepauite-s ihc X-it-rjnuiil aniiu.^ acids from die 202-219 B ribbcm, 
Thtsrciore, Uic crJiancer^em ui sraljillry wiiich occurs in tlie subject SS6 rnuiant 
iackmg ^e 75*83 bfcdiag loap will iiltely aot be observed withisative subtiMsms 
similarly eysteiae modified at these positions, 
is It is cxp<xk'd ilvji simxhx eriliani-merit lu stalniity be- iaheietit to other 

subtibssns of the i Si and group if their calcium Ukws were deleted (.^ee 
Slsxeu et al, EmJsMsMMilJg, 4. pp, 719-737 at Figure 7). This is a 
' ^< uahij" tfvpectotsorv "^a-^ed o i tlic tact that the pnmary calcimn site m tbess 
d ^^ui NuU !,ms 1.;^ iormcd boriialtitost ideatjcaif i^sidiie itM)^^ 
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X-ray simcture^ of tfee I-Sl sufetilisim BPH and Carisberg, as weH as the I- 
S2 subdiism (saviaase). ^ 'en Js'.miroJ I'ach c^-.-itu^ois C-rnpaTis/jn of 
these stxuawtis dmosatraies thai -jO teev' Juvo almost tdcntkal c^ilcmoi A-skni^. 

Iho x-ray stcucHire of die class i suMlasCj thermitoe Irom 
5 Jkemmaaimmyxes vulgwis, h also kaewa. Tlioagh the overall homology of 

subilUsms, tli^siuicase has beea show a to )u\'t an MdQg(m calcium A-s-us;. is 
the c^se of thermitase, the loop is a tea residue ktemiption at tfee MesliiDal site 

10 Thus, U is ^x^'ected thai the stahilbJ? g mutJifiv'^Tif' t;\<?rnp!ifxNl horein will 

impart similar bestetjckl effects m mbH^ for ih& calcmm lo0p ddet<si versioa? 

of othfet dMt I Mbtiiases, 

TM stability of S73, S76 md stiMlisIus relative lo S46 sabtllisin was 

cou^pased by measuring nivT- usisuncc to dkunid ai.Ktivation at 60"C m lOmM 
15 Tris-iid, pil S.O, 50n\hi NaO aad lOmM FDTA. AIi»|UOts were fettioved at 

mterxais asd the activity jeuKiismg tsich sliquoi was deiermined. Lncyi d3e»;e 

conditions, tlie balf-life of S46 sttbtilisiii ss 2.3 mm«tes and the half -lite of S73 is 

2S mitmtes (Table IV), 

Ii-i ordv'T lo sdctitify other muiajUs haviiig increased stability any 
2.0 inuugeiics;^^: ledHSvioe known by tliose skilled m the art may be ased. Oce 

example of suds a teciiisique for generating &nd screesfog jsubtilisjii varsants 


of mutated gexjes In B> mkUis. md 3) 
The kej^eiemei^ in tlie raisdom matageaes 


procedure teW alxwe allows for nmmmm to be^fe^ted to L 
of the protein (e.g., tM N-tarmmal region). As noted snpra, iht S46, S47, Sm-, 
SIX S79 md smmutmts (w^hmmpxiss m actlye-site S221) wer«: Ibsad to foe 
mgymatkally mt^. J% h esipected that other substtote imy fee i«l«d 

The activities 0f exajnpies of the ca1d«m-free salstiUsiS mutants of the 
pretest kveatkm against the substrate sAAFF^jHA in Ttis-lIO, pE S.O sad 2S«C 
^e gi>^0:t Tal>le V as S 


SMhtimm 



BPN^ 



sn 



SIS 

0.0023 U/mg 

mm 

S39 



&m 

■ mwm 

22nik 

S47 

mwmg 

4,7 i-aiil 

S68 


25 Siiii 


As skjWR above, &e «Mu ip« S4^, S47, S6S, S73, S79 md S86 
have cahaaced catalytic mUiy m cmparkon with subtaisk BPK . Chaage.s 
cai^^lvix efrloirncs due th-* dclcdoti weie ml s^■>ectsil becaii^e .-s* die fact thai 
ifc dCtivc .sjc of sub(:1isia ^pan&Uy dtsum frora iLie <uxiuiij A -sue 

The stabiiity of these mutaat subUlissm was compared to mtive subttlism 
BPN- by measurmg tl^eir resifstance to thermal ijiactivaiiOiL Skoe the stability «f 
r:e co:csum-ffec sutbtilisin mutaats should be unaffected by metal cheiamig agcttts, 
t..t exptnment was carri^ out in EBTA. Thenml imctivafeTi m EDTA k a twis 
siiep process ss shown m the foltowissg mecbamsm; 
N(Ca> ^ HDTA N 4- Ca:EDTA * U - I 
'Tf'x: .dt<' ol C3:c5u'^ i'^-^^or? \^ ^'h s me of iHifoidiBg as a Inchon of 
tempi-j<i.u.e n^s Oii ir^actuc wuisuxi oi siibtilism BPK' was "oispai-ed ki B?ya« ct al 
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(Biochem. 3? 4937-4945 ({992)} . Repamtsosmg of caicmm trom s\to A jxto a 
N 10. ^ h . loi o^-v' ''N n a r te hvm ' a \^ C It^ - c i hdxnet to calcasiii 

its assomtwn 0t4iSS0Ci4tum t^mt^^ Hgxtibcmhm transient dss^t^fLos .n 
5 siin'ouMmg protem-pfoteia mteracuot^. TMs tMsruptioii m stractsare wstdd 
eipiaiH &e liigh aetiv^oB energy aM stow kinetics of cakmaj femdmg 

cakmffi a passageway? wm Qt Qm &fih& protssm, CBobai uafoldisg la IQmM 
10 EDTA at 45 C is tmch slo-wer thaa calcami dissociatjoTi, hov^e-vet , o^-ouTing at a 
i>.tc ot 0 0-* horn ^ %3th ill 4C*«\at.oti cn«j»-'v - (s^ s^., >' I iv^s i-- 
Pv-dommam mt\his?sBi of uwuivduors m LD3 is o^vIciiLn aissocaucii followed 
by unMdmg md loss ot aetjvsty. 

BTOuse caloims bixsdmg r«^te equOibit\ii» qmcldy relative to tlie rate of 

L^O'Oa-'n> Jic isuidx^ coasufc tox cat' or ue i,'s cmk -vaes \vt«j.k' n<H ^'t;H ui.!^^ss 
rhe increase m bttjdmg afftsity W6re auormou*^ Consider a tvpical expennieat in 
whkh ixf^M FDT4 is added to lOO^^g'nil mMhsm (3 is m'M) botjud to a 
<,t ' c it "iion (C ajeou.n cak «\ I he c^ilcims will pantaois be(we«n ■'nbtiiism 
29 and hDIA accordmg 5:0 vxis eq^anoo.; 

[SCal J 1 IS-" {I i Ks a m H 0. i£ ^ 


wht'xe [SCsl/[S^,^} Is ilie tt&ciim of subtilisiij hmnd to calcium, m - total 

caluam at mu \ (K^,^^,,) 7 xIO^ M"^ mid the btadiag ci?nstaat of EDTA tor 
cAicmm - ^^^^ ^'^^'^ ' ^'^"^ $uhmm woiM be baimd 

5 to caldtii» at eqiiiiibrlimi. B?^ampies m" maatiosis s«k8 •apQ^!iBbti.fem 
are l^!50F aad tfte 4»das C22~ CS7 aad C2IM-C2I6 (Fantoikso €^ al. Biovhem, 
28'J2Q5'12U (im)) . The imav is tbat a m«tado« which prefereatlally 
stabilfees apo-^sufetihsm rel^ave to rfee bousd form. t^iH weaken calcmm hltsdmg 
mi catai>^e mactlvauoa wdsr crndkm of excess caklism a»d higli tempeiatur^ 
10 <se8 the mechanism below). This ph&mmimn Is dispfeycd m &e M50P muuta, 
K hK^ 's rtiore stable thaa wM type m IOxbM BDT4 but less stable k lOmSi 
Ca£%. 

x¥ss carried out m IQmhi Tfis-HCI, pH S.O, SOmM NaC! aad lOmM EDTA (tiie 

0 asscfCiutlOD coni^iam crrDT-\ lor calcium I? 2 x '.r'"^ h,V\ Tlic protc-in,s ^^ere 
dissolved in this buffo aad hcau^ti lo 55X1 Ahqmu wtu-e r«inov«d at intw^als 
aitd tlie activity remaisimg in each a%?ot was detei-miasd. The kketks of 
snactivatloit are piotted m Figure III UiKkr these condte, fee umm of (fee 
iubulisin rnutam? mnck improved over that of ^.ubitilsin BPX njc-^c icindts 

20 indicaiK ihm mhnlisma wMdi have been mnmcd to eUrairjaie calcium bmX sg a; 
site A have full catalytic gcthuty mi impmved stability ia EDtA relarive to 


^6- 


E^CsiteB) (site A) 

N(2Ca) N(Ca) -h Ca - N ^ ZC& 

% % 

m I > >% 

I 

in excess cakmai (e > Imlvl) and modeme tempentine 

BijfoMmg The rate of iiiactivation is aetensatnes} by fee MctiOR of ssscli jmtivc 
15 sp<?cKs times its a«foidixig me, T hm.g the above mectet^ a on^ cm shoxv 

that calcma dependent stabilization of subtjlism is do^Haat<^^ b} ^ae ^ ler 

to i,su B The fate of feactivato of BFN' at 65 T as a toUoa of 

C4>Bcmmion fits fee d-Jta to fee foilovvisg mecteiNm 
33 \f ^ :.S>«)^ 
20 .NiCa.) - N(i^a) f Ca - N 2ra 
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I 

llie nMcteism p^^ that K^'$ of sm 4 aad site B are 24 x iO^ M'^ a»d 
5 33 ivf ^ M 65^, Tije rate of isaedy^tidu of subtllMa with mly ske A occttpl&a 
(NCa) Is al)dut lOOO-tsissesf siowei; as4 tfee rate of 

IMctivatioB vviit both skfes occsipM (W^^ is aboiit 2 J-ijspes slower tbaa with 
OHi| siite A dccupissi, 

Ilie seconS pr^letioti teii bome mi hy measudag the qgkium 
10 dtpcts^t ni ibih v ot mutant wMU) li^ sue B but lacks A (Strausberg et ai 
I n ^j*^ ^^"'^ a*^'^'^ ) ! 1 he c lie b adiJK ! \"< k or^T t^otT' d r'-'t 
t o KiJ lubb^i. m f Xqsl tuui $t a M rt^^dik a he! \ ms H i amuses siv 
63-85 {McPfeden & imss, Biockem 27 6582-65*^8 iim\) DeJetmg ammo 
acids 75 S3 ueates an umatcrrupeed IkIik and aholisfeeH tfe calt.ii»n b adtng 

s t the i?eleieti calw«m biadmg loop, fee struc&re of wmmt asd wi d tv;^e 
ptol^m are ri.marJca^i1> -sjodar coixsidenag the Sizt ot the ddetion list ^uacturts 
lib* ! 3n J\ <hou I i: kknon o*- ( * t v' 

20 t Cf rosttioaN ol 0 i" \ 1 h % Hnninyn of t viiJ, n|. v pr k,n 1 ^ s 

beside the ^Mt \ loop iMtiishmg ohc calcsuia coodn atiOti lig-^rd, tht side chain 
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oxygen QZ Cu A75-S3 s«bii!ism, the loop j& gone, but the \ish\ is 
I liVi ' jfte*.^ Hid sh ^ Tiu'-Trai Uc Kal 9,CiHnvLi, s > r < "uu xi riLth Th jtc 
i)i mdawdnm ^tA)5-Hi &ubtilisn i<5 ora> ^ 4'-^{me^ {.iowc. m 10 xiU (aCU 
50mM NaCl fhaa m lOmM EBTA, SCtaiM NaCi 
5 Another pre<iictlo3s of Ons last mecteisim is diat any mutations which 

"Stabilise only m the ptes<, ace ot calciam Will kcrease fee bmdj»g constssit for 
wfciiim to oat or both of the cakiiim sites, Thh be e ♦'^et fb5oi.j!i etfev.*s 
tbe bmdHig sites tbeuiselves ajs proposed for matat^oa& \ i lol , G !> 1 D , F 17 ^ i > 
S63D, H76D and S780 (PaRtoliauo et al, twcto 28 7205-7213 (1989), 
10 Fantoliano t\ al, Biod^em 27 S3 1 1-8317 {m%\ Roileace et zl, CMC Cru. Me% 

a& otcn *0i luaaaous S9 \ I?iL, 85.^1 , ( i^K , L 156S, ^ISdS, 
SI 88F and T254A The nsljrect effect on calcium bmdiiig ai because apo 
^ubtjiism <!ispla>s a loss of cooperate n> m the asfoMmg reaction (Bryan a al, 
15 Pi >P ? ^v. ^oj<; > sunm niua-nx svLV raM f m rt 

piONOUO ^ CtvViu'a i. 0 MdOUxcm Acpr4,<*eGkC0t j:il>l \ cause lhi.> not 
iifluence tlie rate deteiiammg step In the unfoldnig of apo stibtihsm in feet, aiojst 
nsiitati-^a& m mtumi snbtjlxsui*» identified m (kte stabilise oiily m the presmce of 
v<.dc.^73 nK«!cj\i»taiii^ mt-roasecalunmb!{idmpatf * \ 

c-iJK? 0t inutanoiis mdiricd'v increase caJcmm -iffixutj by mue^j^ujg ^eaeial 


stability was tema mmg SBS, rstabilsge msteof J543 

a!, 1995) , Tlie matadms S9A, ISIL, ©169^, mi2G, SlSaP, 

K217L mid J254A were Intj-oted iai« the SS8 versm of A75~S3 siibtilbia (see 


10 


15 


TABLE YI 


suhulim in dfeer caJciiJm or EDTA 

S9A 

1.8 


L5 

L126I 


B156S 

L2 

G166S 

2,3 

G169A 

5.0 

K212G 

I.S 

hU22q 

2M 

S18SF 

IS 

T254A 

3.3 

CoinbmedMSSS 



Because &e umuldjug of fee S88 ^iibaiisui casiMjvc m ED T\, rK-f 
20 tTrat.moa:» aow stabilise suhtiliMn iudepcBdent ot cskimii coacnti-atiOii, lo 
spproximardy tlie san^e extern tfe&l tiiey staMliKe sabtiiish BFN' in 50mM Tris- 
HCK pH S.O, 5<k\M bisCl. lOmU CaCU, 
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Thm, &e preseal iaveiitois ha-ve pro^-Med convincmg evidence ib.at 

uiL i:u js e\pt,'Oi;t,a dieietoa^ liiAt these amtm na} be ^ Ci /cd r v^Ji sriv. 
emijxjiuneMs tliat comprise cMatJsig ageafe Wfelie this has oMy beeti specifeallv 
i shcR-a With si?btili«k BPH' , eqaivalem matatfoas sfeouid work with other seaae 

subtiisfcm^. possef.j> .Nubsruatui i>cqucj.KC $L»ilau^v essfcciall) m the caic.um 
bmding site. 

$mk strategies, for sxampiej may involvef comparijig tije s^spmce of 
10 sabtilism BFN' to other seriiie prote^-^fs m ord*?r te idendfy ihe amirisj a^iUs 
are suspectei^ to be - re- ><:t.n c ^li-uini bmditig aad then tssakiBg suitable 
modificatiOQN, c k, b> nj. ev5\t. ? .sh-igeaesias. Since tisatiy subtilisiss are 
rdaied to sufotOlsm BFN' not only tSsroBgh tlieir primary sgqueaces and 
«iKymoI«gicisl piopcroWs hxn &U t by \ iu\ s/i ^*>■'^'JpbK ex a, r. jeciea 
15 t>*at oib<.r acuve subtJisixj ai«mu5 wMch I&ck calcnmn bmasBg oay be proauced 
b> fe\e spedfi^ mutageriessis. Foi exaijipie, smictural evidence extscs that the 
k«mologosfi etizyme sabtilism Carisbetg also comprises two calaum brndiug sites 
S>milarly> t^e X-u\s .^^wjcaue of ihertTOtciSL v«i('' tI\N i^uDnhy* an 

Joi<v5-; .ai. : >ni A biCds:ig^^ite to tha? of subulhia EPX'. For Uisrnutase, di«.' 
20 ^aa :ur . b^rujag uHsp is a i^n residue iatouptioa at the identical ske m helix C, 
Acajrdlftgly, tiiese etszytn ^s should ali^o be ametuble to the ttmtatms desciibed 
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I e ein whidx ehmisate fee calcium bladmg site and produce a stabk, active 

primary caiaam hmUi\$ site ia ail subtilisms m groups I and i-«S2 are toeU 
from almost Idemlcal sine rssidue loops m ih& idtntk-^i pomon of feelsx C, Thus, 
5 m view of the ahnmt idesfei strscttires of the calcmm A-sites, the metliods 

dsfscfibed fe-ccffi shorid Ix applicable to most if aot all of tiie subtlHsixss k groups 
l-Si and I-S2 set forth m SkwnnM, 

Alternatively , if ^eMimo acMs wldeh cospise fc sitss 
are already Iokjwii fijf a p»ito will be 

10 xmm^d by site specific mutagM d« ope m iBpre of m^ m^ mm. or 



me subject mi 

^i. -^sH* jns-b does nut bim utk,mm 

Pretmbly, the mhtxksm DKA's wdJ be expressed m aiicrobaai isos^t cdk, 
in pattiCiikr Saailus su^^ks, bocatj&e diis bactena »ateali> producer sukdiism, Sfe 

^.uotijHxu muiaii£ m Ba<d!ti^ b^t utlier mbr^ic^ej, expression ta any ho&i vcll 
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which provides foi eiqjiessjon ot fee desired suboMin mtms Suiisbie Iwvst ceth 
tor expfesMondix. s" r^'<>\v{' M Ijc in ' i ' , M^^-ra ho^t ccLn «iuch 
a6 Eschenchta Bacu^ui, Saknomdu P^eihhmM'iis vusst cer& s^cH as 
Smeharamces mrmsme^ Ptcha fias$0m, Mimemmyces, CsMiii^^ 
5 Schizo^aecharomvcf y, and m<m«Babaa host cells such as CB.O ctlh B,ict^.na^ 
host cells, howevct aje the |.»etc>T»jd h>>st ceU<> i \r e\ore^>siL»n 

T \rs}t;>s«5'0« v> .he subUksm DM4 wjll be providtjd liimg av«.'hDk ec c?s 
mhl iegu\im\ sequences ilic sctM sJecton depesd is large p itt v»pon *lic 
particular host cells wkcli are utiljxed for expression. For exas^le. it the 

be i»iiiued as w«ll afe a Bacuim ikrivod ^ectoi ilic p t<;&x e *=nMs m 
pamcuUr used the pUBI 10-based expiessio^s veao5 jr i uk' ^ risw p-or ^otcj tora 
the subtilism BPN gcae coBtro! expression on. BiteiilMs subixhs. 

It i& tmM&t noted tliat once the anjisso acid sequence of s pame«lar 
15 ^ ■'b tlmn mau m wiHch, dees not !5i»d calciunt has btei^ <-\n^hi u < ^ 5!so K 

i>\ suHe^m However, expresMoa of the subtdism mutants m nucfonul hoat cells 
V >A :xci V ^'Is )e preferred sm%,Q this wiU afow the lajcrobia! fefot >.cB m 

20 ik o\ ej , ^ e *k p.* ^eoi. ^lUf u.ofi .nmcr tcacb li icm d :n^.\ho^^ m o)U . . 


in vim xm^VigMm smmm ssmm, t mm hepmms m mmm 
improperly folded sisbtslisiii mm^ im m mmfimmtmm., 

ijteeof > the feHowij^ speeiiic m gives, it Demg tjjjderstood ths 
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Chivn^ ami E(prey<^L>}i The sithtiUsm gei^e fuHU Badlljis 
mTyi&iigu&fadem iuuh'dlmrx BPN') l^as beea cloaed, se^,|aeaced, md expressed at 
Ugh levels feom its immrai pmnioter ses^mces m Saditus suhtiUs {Wd.U &t aJ , , 
Nttglek Acjd^ KgS. ||;7&!1~7925 (I9S3); Vasaatha al, 1 Bacterid . 
139:811819 (1984)), All motajit genes were redu^.^^;! vr.sn :\ p?jBilO>based 
expfe&^iou plamud m\d used to iramtbmi B. sumHls, Iht B. subtUii strak lised 
as the host comams a cUmmosoisal delation af ssbtiiisia gene and tfeefefore 
produees ao baekgrotsnd Wild tjfpe (wt) activity (J^aMescock et al., Appl. Euviron, ^ 
Micr*^bkK 53;3T9"3S4 (1987>). Oiigo«ucK'.>fidi; ?rt'jUigen5.siN \vss carried out as 
previously de&cnbed. (Zoller et aK, Met.hods F ag^/moi. 100:46^-500 (i9S3>; 
Brym et nl, fjm.MlLM. 83:3743-3745 (l9S5b)). S221C was 
expressed is a 1.31 Mew Brumwiek femiestor at a le\'el of apptommtely .100 ing 
of ite oorfectiy procoj^^ed n-ature form ptrr lit«\ Ti;e addisiou of AvilJ iype 
?ubtiLisii^ io prornote prodiiciion of the matine form of S22sC ?iub5u&-s wa^s not 
required m our bacillus host stram as was die ease for prior strams (Abrahmsen 
al,, Bi«d?eH5Mt5t 30:4151-4159 (1991)). 

Protehi P!<rificatkm Characterizathfi W;kl type si-imihsin and the 
variant fca.?.ynies were |mified and verified for liomogeaeity esseniially as 
described i« Brya« et al., Pfoc..,IM.,.Acr^d. Sci 83:3743-3745 (19g6b); 


wommm 


-43- 

Paistoiiauo et al , Bi^qhcsjiigg^t 26 2077-20S2 ^nd B^octe^^rry 2'? mi 

5 (L)Ala-(L>-Ala~(J 'VFrtHJ VPhe-p-mjroaiUiUde hereinafter s \A'9h as dcvursbed 
by DelAIar er al , AMM^m. 99 3 The profem coHvC'itetion. 

2^ "205 "213 jru Ud... ^.o.i K \ IlIK ckmg^. iht ^ <v 

2$0 13m « as taiculst-ifd to bsj i H (or 0 % X ^t>, based on the loss ot one Tvi 
Id residue !,PaatoLaro et al , giockemjs^ 2S 7205-721 1 {m-'i)) 

diat 100 % ot rhe aiatenai had the msmo acid sequence expected &om liie BRA 
sequeaee of the geiie aM &at processmg of Jie pro-pe|jtide was at the same 
15; |M>siUo» SH the sequence fov ib& tmtmtm tor the wiM t^'pe eBsyme. 


Sirucmre of the csicium A site ofSI2 suBHUsin C&lcixmi &t site A Is 
coordii-arsd by flv*; cjul-nnyl ox>gc:-r; lir.:ir;d^ ;uui one a5|.5artic aci<1. Four ofilse 
carfK3iiyl oxygen Ugasds to fee calcium are provided by a loop composed of amino 
20 adds 75-S3 (Figure 2), The geoaietry of the ligands is that of a pentagoml 


3 wbose sxk mns through &e carbonyls of 75 asd 79, Oa oa« side of 
the loop iS the bideftiurc C3itp:v)iaxe < D4r\ wbile on die odser side dte N'- 
tenamiJS of the pmrnn aud ike skfc diaui of Q2, Tlie seven eoordisadoa 
distances range from 23 m 2.6 A, fee s&ortest being to the asparty] carboxylate. 
Three hydmgea bonds Imk the N-termitial segment to loop residues 78-82 in 
paj[-anei-to an-asgemeat. 

Prs^mmlim afapo-Sistmin SI 1 md S12 siifninsin coiK.<.iii ai? evfjal molar 
maomi of I5gb% bound calcium ate purificatioit. X - r&y crystallography has 
sJu)wii this sialiduia to MhmM to the A sitfe et M., J. Cell. 


10 Snppl. iOA:272 {1986); Pautoikao et al - , BmemMrv 27:83 1 1.-83 17 (1988); 
McPhalea et ai.. Biochemistry 27:6582-6598 <19aS». 

Complete retnovsti of cakmm from sabtilism is very slow, requirmg 24 
liom-s of dialysis against EDTA at 25*»C to remove all mUAum torn the protein 
a»d then 48 more horn's of dialysis in high salt (Brown et al, , BteaM?x 

IS 1 6;3SB3"3896 (1917)) at 4«C to remove all EDTA from the luolem. To prepare? 
the cacciiiai-free fotttiofMitilisiasSll AndSl2, 20.mgot iyopkiiixed prok% was 
dissolved m 5mi of lOmM E0TA, lOtsM tris{hydrosymethyl)i«Tiino-mettee 
hydrodiioric acid (herdaafter Tris-HCI) at pU 7.5 mid dMyzM against die same 
buffer for 24 hoars at aS'^C. In order to remove EDTA, hnuis to sahtilic;m 

20 31 low jomc sixeagth, the protein wax tl^en 4lialy^,ed twice against 2 liter? of 0,9^i 
KaCl lOnM Tri^s-HO at pH 7.5 at 4»C for a totsi of 24 horn a»d tbe» three 
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toes agam&t 2 bins of 2 5mM TrWECI at pH 7 5 at 4^C for a total ot 24 hom 
^ * J -^^ icrix > a^Jdjfd to ail buffers sot coruiT.'"ig Fl") ( \ U ^^n \ . rsu n 
{ l\ ^abi l&ixi mi cosEafmug ^subilismg ojumo acid jsubvituuoas weje u^jed up to 
50% of jfee protem-precipitated dsnng this procedure It is esseiJtial io i^e pure 
S native apom^e m Umnm experiments so tbat spwioiis heat pioduced h\ 

X>r<.ariuu% ipor iL^ addittm of caiauni does sot saterfcre with the measmcmest 
of the heat <if biadirjig. 

To ensure that ^^iepariiUDiis of gpo-subtiiism were m coiaanunated with 
c^idam or EDTA, samples were checked by titration witfe caiciimi m the ifesenci 
iQ o{ QmrC to pv-riorrr^ng h^ictjoa o-aionmetry 

Tit^anon Caiomnm^ .Sfe^i-sw-m The caiomietnv. iVJf^iis wi,^^ 
performed with a Mxcrocal Omega titiatioti calonmet^sr ai- aosor'b>.'a m ce a I h\ 
Wjsemssi et ai , ^aiialllMaUJiPiJms^ i?9'13M3? (1989) The titration 
^vucrtmeter corssis^ of a matched refereBce ceil contasitmg the buffer mi a 
15 on oeH 0 S^-i ibL) coatamn>g tlx ptott m 'iAui O'-* MKrobtcr s iqt ot'- i>i ths 

lijiAid solatjon are atlded to the soitiuan cdi tough . lot vtmg ^tnje. sst^.s^it^ 
operMed with a pfeagtjr dn^m by a ste^mg motor. After a stabk basdme was- 
achieved at a gnet^ tenipciaiure the aatmated ^^10*.^^an^ \^,ere ixatsat<,d aad the 
c u 0 >n uiL ^a. Ltiaiige ptr miectiOB via-, J. <c n< "Cl c Jiemocouple sciii»or 
20 Cvtv^ C(. u Jie cdb i)aria» e.ie^ triiecootj, a s;5»rp cm) Ueru 5c peak appeared whtch 
rsfturfied lo the luseLae fnor to the next Jt'ccUoii occmrixs!? 4 tnma^N Uier ihe 
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area ot each peak reprejsms tlie mmm ot hm^ accompanymg bsMjTtg toe 
fiddeU tigmd to the j loxtn Tn^ ioml hu% (Q) t^n fit b\ d tiotiimeii least 

1 ^ I *i bv total hgaxal toatenraaoii , tv.u>''t. i ii> k sNisut f 
5 dQ/dtCaV^ « AH|l/2-f-(l (I-f i)'2 Xi?2)'Xr-2Xi<i-r)-r 1 -rr^)' ^ {} S 

whexv.n I'i [Pj^^^ixK^ and X, ^ [CaWiPW 

liic bmdmg ^ <- ^vm to he i anc ^ '?ubij1i&im was meg^iired bv 
tenon calorimetrs it <iUo\s s h ^ c ^aj d i^onstot and ehe v^t^is^pv ol 
biudiag to be detemuBod (Wiseman et a^ , Aj^ieaU8iiKli£uM^ 131 1 ^7 
10 il98«S), ScJiwar? et al„ LMjCMaL266 24344-24350 (I99l» 

jecauet p<*duct QXi of ibi.' \ M i\f\ ^pvXf/STUv In irrpe-^^ib e due $0 ts prott; )Ub<. 
aetmty jmd low siabilit^f, Titranous ot Sll and Si2 were psrtormed at prote 
eostcesstratiom |P1 ™ 30#*M and lOO/iM, Tscratioa of to Sli apoenzyme wMt 
i5 V V, ui -? C 5^ --ht. SI ? u V 1 5v ^ i I n o i sp > X n s t * a \o 
ht,>t v.Jci im t>mdiv' sss^x.^ iti- 1 u b s^auUi i ^tiua u -,<dc Ui i\ n^^d in. 
e< orwUr sCBSitive to c&asges m K under condmons^ at wkch tk prodtK^ oi 
\ [1 Us bdweeii 1 and iOOO (Wiseiran et al , Aasl^Ssc&l aioshmii^t^ n9 13 1- 
jO\g s Smer'<. K, fox ^isbolMn fov^t'^'w "^1' t "^v p o m 
20 ^ >.iun cauotis rovoH m \alu^ ot K \ [Pf ™ 100 and .000 U lo\.a ^ 0 ^ 


The results of fitang the titiatons ftC SU .n\d S12 a ca1ai:s.at ciirve 
siimn\arized m Table t Use pajraBicteis m the iMc .>cl'ade bitidmg p^^amettj 
for s^olchiom^^^rlO rauo (n), bm<3mg constant {k,) md biixdjug eaifealpy iAE) 


daptote at 25^. The proiem ooiicentratiom ragged tai 30 to 100 jiM whik 
vOWvieTJtraUfms Rich h\--dx cj.nwta' t aud c V" \\ ^^c?e o>.^ so^.n" 
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TABLE 2; 1 israisoi? i ^hmnu-try of tfee Cmmn A Site la SsMliisk 
Mmaat^^ Sli md HIZ. 

MmmM [F] Paramems mkiiiated from fit 

« K, AH 

SU iOi>M 0.98 ±0.01 7.St 0,2x10** 41,3 ± O.i 

5 Sn 33iiM 0.9 1 0.3 6.S ± L5 x 10* -iO.9 ± 0,2 

Sn impM 0.99 1 0^01 C4 ± 0.2 x10^ ~1LB ifc 0.5 

the averj.se ^isliae^ oHamed -^jire sitnikn- Tot S! \ ami SI 2: AH - -i: 
kcal/moi; ? k lO-" M'' 4iid a stOidiujjmry or biudmg of 1 calcium s'n& p«r 
moleciik. Tiie weak biadiag site B does «ot bind caldism at coac^atratiOTJs below 
10 tbe fliillimolar range, aiid therefore, does mt interfere witli sieMurentessi of 

binding to tlie bindmg ?ite A. The stinii,lwi free cjiergv of bindui? sit .I'J^'C is 9.3 
kcal/moi The bmdmg of ealcivuii is iherefore primaniy eatbaJpiesIly driven witb 
only a small mt loss m eatfop j (iSiSsi^dH' =^ 4,7 ca!/«tmi). 


mamum^d as a -stock wlaiion j» 2 5 mNt Tm-iiCl at pH 7 5 aad 50niM KCl 4t d 
i^imcmttmou of at>ptoxwuUy lOO^tM The protem %&s den^itarea b> diUuitig the 

imo 2:^ ii<PJ, or iii i at pUlb 2 0 "^le msl < >it^"m ivk n 
20 pkotoiii v^a:, 0 5 $ 5 wav i.t}iupbrel> demtuied le% th<*r ""U <.*xoad5 
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by these couditioBs. S12 required appmxinjately 60 mmutes to bscome Mly 
A^nu^iSicd \&d-JcntJuitd pnitcm vva? then ^v^atrafced u> pli 7.5 hy th? additiaa 
of Tris">5:i?fc i u dtii^atuifd b Oil) or 5M N&OH (If deaatiired m li jPO,). 
Refolding was imtiatea by the addition of KC1, NaCI ot CaOj to &e desired 
f eonceMfatiott, For example^ %.Cl was add^ from a stock soMtoa of 4M to a 
fisal ■^oacentratifn^ o; ^ 1 5\l ^v^ttj r^pld «urin|:. In most ca^e^ tersatar&^ion 
was caxTicd out <u -5''^?. The ra^e of remturatiou was determiried 
specaopbotoxusttlcaily by uv absoip^on &om tfae merme m extiactioa at 
A ==s 286, fxdm ifae iBcmse ia imri^^^^ i5?rosme and tryptophaa tlixotesceace 
10 (excitauoK X ™ 282, etmsslos k - 347), or fey circular dkhroisin irom the increase 
in negative d%iidty at X ~ 121 am. 


EmmkA 

l-ray Oystathgr^hy, Large smgfe crystal $mm&i and X-^my dlffraclion 

Bxcchom istn' 21 8311-8117 (1988), Faatohaao et al , BifigtaimS? ?205~72ii 
awcQpt tliat It WM mt nece$safv to mas^tivate the S22}r van^ines witii 
r p 1* -o >k>v^J s-t*, (Dt<F) m <ml < to •■^'■if ires i ?N lu ""-^ 
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Qhoism Data Bank eatn iSOl pdb) The SU h,mcm& w % refm^ d asd 
modified to provide the stai^isg model tor S15. 

Hd^ra Ns,t^ v<.ifh aVuI 20,000 -tftUi^ROTjv betww S 0 A a^d t i» A rcj,oMioG 
V etc ts&v'd 10 rotoe otm ^•'odeK Uvsmg tesua^ned ieas* squatcs tccka qut>. 
5 (HsjidncloJOB et si , Tomputing m Crj ^tallogr^pb)- " m Diamond «t al , eds 
Baaa^r^J^ldiiaism^^^ 13 0M3 23 Mtiai diOereacv 

pMsCdK iv-TMon SP U!„:^^tt^^lk \ 5£«ks ot 5ttfd 
i,\>iATl\ 5shD\v<-t* coxmnaous i.v tsit'. tk^ vSca w i. v aaiiiteTTUped hd \ peri a u ^ 
m mm&i $15 model to be comtructM aad re&emest begmi:. Each: mutsM was 
ID replied tsmi E appmmweij? 0.10 to E approximately O.IS: m about eighty 
iukrsp<*.-itfd \uth ^,aiC>doTK>nN ofckuu-'n -i^n^ i m^r"^ >^^^d \ >. ui. 
jsquHJi: >."iis \xHrx% \W grapsiiC^^ model t g p'^ogr^m HODO (To* l 
Cm^o$x^ II Zm 272 (197S» 

fxcept for tlie regsoa ot tiie dUeted calaimj bmdjng loop, tlic stiuctojes uf 
15 SiZandSi'^ itv-'ci^ n . \? sMtl » -^o '"Car^Nqiur r si 1 m us 0 8 \ 
between "Jo' o. t,aux-»p^ liic -^m jf. 'Jil as m rhe \uid i » U s bi^$t,c 

Site 4 loop, tarmsluiig ose talciiim coordjuatou hgasd, the &ide cfesia ox>gea 
of Q:? k Si> tfee loop gone, leavmg residses 1-4 dtnordered In hl2 {as m 

20 -ih J \cii\ n '^l ^ hii ndix s.^ oiiufierrapteJ ^ird \lwv,^ mr ml a^u J ^^omeen 



DWermm Scmmmg Cahnm^ry The staMity properties of SI2 wd S15 

(SLI) Is very mmxUt m meltmg femperatare to tlie &poe«xyme of S!2. The DSC 
profiles of apo-Si2 and SI5 are shows to Figiirs; 3. lbs t(?mp«nu-ire of KiaxiiBuni 
heat capacitj' is 63.0<>C ibr Si5 aad 63 J*>C for apo-Sl2 at pH 9.63, The DSC 
expermiests wer^ carried om at high pB to avoid aggregsdou during 

iO denataraufsri process. Tlie summnt of excess heat absorbed by a proreia saoiple as 
tte iti-npQvmxe mcreased ihrotsgh a mmsilion from fee folded lo mitVikkd state ai 
TOtant pressiire. which provided a direct m«asuren5e»t of the AH of uafoldiag 
(Frivalov et a!, , Methods Eitgymol. 131:4-51 0966)). i^H,^; of mMdrng apo- 
S12 and S15 Is about 140kcai/iB0l. Ahos-^ pH 10,0, 0^ miMdiag t5\msition fer 

15 $15 fit a two-state model reasoiiabiy svelK coBsistt-oi u'Ut «qaUibikun 
theim>dyaastiics as expressed m the van't Hoff eq«atlori (din K / dT 
AH,j, / (RT^)) with AH,H vaji't Hoff enthalpy or apparent enthalpy) 
appfoximarely ro iSH, (tbe cilorin^e-^rio - ■r uac enthalpy >• Ai pH 9.63, 
however, ineitiag profile for both proieiii^ \^as gsyianieulc kdicating ihat the 

20 unfoMIng is net a pare two~st8te pK?cess. 
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fom smts.asm s a how ^r&Ltths iTiei^'^urc i&js ^ate &e ^luou^'^ce&t jum 
cbeUto Quia 2 ^ a» uu^l Qu.b 2 bmds ^laam wife a of 1 S \ 10* ar p{ i 5 
5 {Liiise et al . Siooh^m^):;^ 26*6723-6735 T&c lliiotescencs of 0«m 2 dt 

^ ^ m^R <■ ippio ^'To 6 loM whca boiiM to calcium (Bryaat, 
BKxhen^ 1. U6 613-^} 16 issbtiiism Sil ot S12 as i?=ol<*ts?d[ x^oxHami, one 

calanm xoa per molecule Whetx luixed jrh ajs exce&k of Qum i, thi? kmoucs »f 
caidum.retee frsjia tfee pro^m can be foilsswed trom ifee mcrease m Suoresceiice 

10 a? 495m^ Ih?, leacton !<? assmued lo toHovv &e pafeway H(Ca) M ^ Ca 
QuM> 2 " ^ Qa ^u"'a'> TIj?? dis^ocni^or c ton ■?u^Y5^m u n \ 
rcLitn 8 to cakmui binding b> Qum2 -^uJ tlia ue<,han^<,MnfiUortvaK£ or 
Qttiu 2 1> squal to the rate of cakmm dsssociat^ou from sulsstjlisis A*? can be sem 
m Figure 3a, {Jrje iniral lelea-se of calemm Irom SIX toUms smsple tasi ojder 

is teieacs, 

Lomtmi (k^ lor calcmm dmoaauoa was measured from 20" to 45**r The piol ot 
k vs bT^'K J4> rougMx imear Ilie ealcmm dissoejatsos data wa^ cmve tit 
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oydei' rats eoBstisM for foldmg. A grafli of M tok/kgf vs, lit kshmm in. Hpre 

iiiv. data \ as fee cijrve in ivi,ordin^ if> A^xiiuan i( k'n t'l , 

3 IbK^- a I B<ToT) FCIa<T«/T) 

V -ier.in \ ~ U ^ ' (l ^ k 8 - \ ACt-^sI ) f ™ Kp-*- R 

lit d*» a oHaiaeU )iv!Us Uk=> MIq^i ig re rft k<. r\oi V p-h ~ 

L 2 kcal *^mol, AS'-f ~ iO cal, *'m 3 Md &H'*f * 19 7 kcaFmol at a retcrem^e 
ts^mpemare? Qf Z5°C. A possHsle slight curvatBre of the plot woiild be m a 

0 Z Kv.al o.'' Ai-pto ptoivif xok ing ^'i<- Ixvr sb^'-^ too *\ i-or-^ i 

S^simiteL 39 I9i 2^4 (i9S8) LiviBgstoa£? et al Bmtom '0 421 /-4244 

(i99i» I * t^T IS of heat capjci > , the tratismoii state titetctore appea & aiat i> 
"15 the p-*> t'n <- >- Uue-& foi AS'^I aisi AH 4* obtaiaed f.o b t an <^ 

maiv^v tlui to t -iUM 0» Htats? e >ii<iip't.ailv less ta^oiabk ti \ ti v caIv i. . 

»o«iid fon« ^vith oaiy a small change m emropy . 

Other embodrnteti s of ilie ifjve'^nv) vvslllv ^p'^ a (tofU Ml u 

M t -^f V ^' -^jdcratioh i)t th\j sjwufk^ no i -iau pr i b mou i n <, is^. It ta 
20 <,r It s mtv t.ed vha 'h^. ^pe!.x uiOi ancl<,v«qle ^s?^ nxutJietl is 


All xtMmms mmd teem are iscorporat^ m tkm &nikay , as if 
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<i) A??LXCA>?Tr S.^^'A^t, K"3l.li.J3 J? 
(.lii) J^uTKBEH OF SEQL-SHCSSj X 

iK) mj^^msmBi B^^ism, sw®ck&r & mthi^ 

(B> f .0. Sox 1404 

(C5 city; Meijcaysdria, 

CS) SOOSfTHTs USlt^a States 

Hetith, »©n«a H 
5S) TSI-SPILXs {-JO-S} 336-2021 


{&} LJSJS'OTHs laaa base pairs 
iS) T^PE? nucielc acid 

(11) MOLScnx.?: -rypis: (gsnsffilc) 


(?^) KAMS/'-'ZS-^ CDS 
{lit} ySATUC^Sf 

m mCATXOK? 450 

4S0 is fM®fe.« 


i^i.) S5;qpb&'cs dsscsifctos; s-bq id mil'. 
ittmrccscR 8>^mTs.2CA« i?gac3u^?a-sc racs-tcaa^ AmwcAria. 'sc^tsatztz 

.SACGSAaSAa ^i-G-f^JSA-SAfSi CC^'JiJL?^TAG?v ^iATAAJsAC^A ^CTS.WJ^AS, AStSSS^Cm 

csMAAx&Tt ATTCcay&CT atacs.&tt-'^a tacac^^csat AaicxsTC^a. T!«ss*f&rsc 

tGCM&SGSA AA;%AAGSA«A iSGATAAAGA GTQ aoa iSOC AAA AAA Qfh T«« ASC 


-80 "7S -70 

G-^" !rtfT \ Ar- QC ACw Tt. CC Cv, JiAS AAS 

-SO »S:S 

^ "SSr <„fK at^SA C CJUS; C^A C AA. 

Ly« ' . ®r c a I.VS Slv S.y «y ^l^t t, G>n ty* 


A.!*^ 54^J\ -^i?" -GC (j-'X QC^ VTT Oa^ i55^ H ChC G""*^ GC)^ 

t«. L « A s« V&l ^ a ''Mf V«i Clu O^y ^ * V« «, 

-IS "iS 

V ss»-s -"\c ecs c o cs <st© c^if *c coc g.a "c^ ca. at* am ccc 
HiS! Ala (S^s &1& «lR sesf m gro Tvr «iy VaX Ssj? OIr tie Lvs AXs 

CCr (JOT CtS CSC ??CT CAA SSC TAC ACT SSA tfCA SAT &XT JSsM GTIi GCO 
l^tfis Aia Hi» Ssisr cXa Glv Tys Sftsf Gly sar Vai I,ys V^aX Ala 

IS as 


. lie Ass? Siy XI s S«» ser Hi,s Pro asp X,m l^fs Vai Al,» 


c v^c cv,\ c - G-'-j; «vc <*vC i^Ch iSCfe cc" v,i;? XA^r AaC 

4.*;.- &i« 1^ ^1.3 V^i Ala G*/ i?al U Leu sis, 

m ?0 IS 

r li. <*l Lea C^/ S'-o ssr u a* v« 


JUiA CTT CTC G<JT CC^ CAC GOT TO CCC CU, TAC AGO tSS ATD AtT A^iC ''Of? 
X-ys Val Leu Gly Aia &sp Giy S«r <JIy Glrs T^-'r $«r Trp lis Xl« Jists 
9S 100 IQS 

saa Axc ^oc oc>s s-rc oca sac aax Ara oac ot^ jixr &ac ats assc ii4§ 

eij 2Xe Glv! Ala Aia fiSft Aaa Hot; Asp Vai. Ila Asn tefc Ssy 

13.0 XXS 120 las 

CTC S©C aSA CCT TCT S6T TCT SCT ©CT TTA ecG OCSk SXT SAT AAA 12.55-? 

Z.eu «ly Sly ?3ro S«r OXy Ss«r Ma r,s« £,y8 Ala ?kia Val As» tys 
' 130 135 140 

sec CTt? i?CA TCC CSC GTC STiX STC GTT QCQ &CA CCC CCT HfiC SAA X54i 
Ma Vsl Ala Sss: GXy VaX ^fsl Val VaX &ia Ala Ala GIy Assn -sXu Sly 
145 l&C " iss 

AvTT rc:' CCC kQc ::qa aqc acss. stc occ -sac cct cct AAA rA^ CCT TCT xzm 

r.-.r Sifr Sly Sar Stojr Ser Thr Val Qly tyr Pro Oly tv^ Tvr ?t:c Sejj 

xso US ~ r?o 

Gi'C hll GwA ST.? GCC CCT CTT SAC ASC A.»C C,J>A A(5a SCA TCT T-TC 1337 

Veil Aia Val Giy Al^i v,i; Asp ss>3: Se? Ai»R SXa Asrg Ala Sgjr Ph* 

. ISD J8S 

::CA AC-C CTA CCT ^AU crr SAJ: ^J-TC A-TC CCA CCT GGC «TA ^CT ATC 138S 

Ssr a^sr Vsi. Giy Pre 3iu l&u Asp Vai mt AI& Fro <Sly VaX Sasc XXs 
^SO IBB ZQ0 30S 

C3%A AGC ACS CtTT CCT COA ;^\C MA TM S<5a GC(J TAC KhC GGX ?,C0 Ta^ 1433 
SXn Ser Thr Lsu Pr-^ Giy Asr; r.ys tyr GXy Ala Tyr A^r. Siy Thr Ssj: 
210 2XS 330 

AjTC CCA 'icT cAc OTT CGA Gcs OCT <;cy -r-r. ^.tt ctt rcr aag i4ax 

Met Alfi Ser Pcrc; Hiss VaX AU Gly AIj. '-.ox; 1.U Xc<jl Stjcr Lv^ 

aaS 230 23S 

CAC CCG AaC t^a> ACh AAC ACT CAJi. STC CGC AGC AGT TTA GAA AAC ACC X&2$ 
His Vx<s Ass Trp Thr &sn Thsr «in Val Arg Ses CX« Asfi Thr 

240 34S 3S0 

ACT ACA AAA CTT SST CAT TCT TTC TAC TAT «3CA AAI^ iJQS CttS ATC AAC 
S&K Th« Xys X«u ftXy A8i( l-h* Tyr Tyr ^Xy Xys <Sly £,sisi SX«3i Asn 
SSS SSO 26S 

©m CAS <SCS CCA Si 
VaX eia AXa Ms Ala ei« 
a?0 27§ 
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miATiSCLAlMEmS: 

I ,-K?^ eRzyuiaticaUy active subtilisin protein which h.'i$ hacxx niuvutcd 
to eiimirsatc; the abiiiiy of said wbtilism protem to Mod caldiim at a high alTimty 
caicium bmdiag site wherein £he mEtatsd sufetlissm proteia coiBprhes a deletion 
5 of mmm adds 75-S3 astd at Imt one or mor e siibstt&utions selected torn tJse 

groap coB-sbOsg of S9A. I3IL, E156S. GmS, S18SP, N212a KltTL, 

L126I, M222Q and T254A, and optionally ksge-jhtT witii at jea^st one or more 
sabstimtiom sdeeted Itoib the group coasistiag of F5S. K43N, M50F, 

A73L, q2Q6C. Y2im N21gS, aid Q271E. 

iO 2. The subtllisjtj nunaxit of claun I, vvhereis tbe foUowmg 

ssbstitatioas are made: Q2K:, S3C, P5S, K43N, A'OL. Q306C\ N2ISS, 

Q271E, S9A, OIL. E156S, G166S, G169A. y2i7L and T254A, 

% The sttbtilism mataat of chm 1 , wherem tEe ssifetiHsin h from a 

is 4. The mbdlmixi tmtm. of clmm 3, wteeiu die subdUsm mutant is a 

s^ibtiiip.ir; 1 jFN'' uiutait, a subdlLsiri C;sri<t'cre nuitani, a f-ubiilisirs DY rnutant, a 
subtilissn aiiiylosacclianticiJs tmtma ox a subuiiijixi mesaiticopepti^asc mutavit or a 
Mibtffism Savtepe miitast. 


' 6. An eisymatlcsllj acUve mMlism proteia wMch has beea mataied 
to dimimte the ability of said miMlkm pmeisx m bind <Mdxm at a %i} affiait>' 
5 caiciy \mdiixg she, wherein the muModi subtiifeln protem ctmipnse.s a ddetioij 
of am.ino acids 73-83 aid lU followmg substhutiotis mutatiom; Q2;K, S3C, P5S, 
K:43N, M50F. A73L, Q206C, Y2I7K, .N2i8S, aM Q27iE. 


10 
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10, A recombkaui method wiucli providers for tin? cxf ressios of 

ability <. i ^^aiil atibtiUs^m p 'Otea to bnO v\Vcirn.i at a lugh ^tTmitj i,alc5\ni luix'^mp 
site, ftlierem ifee mutated ^htOissin p fXeni: comprises a detetioii of an«no u.cA$ 
S 75-83 aad at least oise or more substitalious selected Srom the group cojasisting of 
S0^\ i:U , n56S, G166S, SiSSP, N212G. K2nL, LU6I, M222Q and 

C254A, aad cpacnallv u gtfchtjr h &t ifsiisi ore or mor;- ^.>bsntiit^ors voJcctcd 
tiom tte group con^bUog oiQZK, SiC P^:> M50I , A73L, Q20ti€, 

¥2im. miss, and Q27iE, s<dd metfeod comprisiiig: 
10 (a) traosfomjiHg a recombiuaat host coli wi& expr essbn: vmoc 

fro^.uLs *i>r the SL.\pre<yfe5oo OJ a $ubtU3!>:p -^vnjcti vtocs liot hmd c<i.lcsur.:pioiem. 

(Is) cultariiig said host cell under condMo^s wMch provide; for tlie 
e^tptessios of t!ie e»zymatically active sabtiMn mutot; and 
15 (0) recovermgtlie expressed etosymaticality aetlv? sttbtiiism mutam 

from Mid McroBlai libst , 

1 L Tfa# recombmsjit m^^od of claim w3feereift siibtillsia mutatut 
lacks fee ealdtijsi A bn^^ 



eiszymatlcally active siifetiiism proteiis whMi has l^em inmted to dUminate th» 
^odw o: ^aid ^ubtJ sin im ^ - - nul . ^l^mm t ^ a < 1 tj ^■'lurm bxdmg 
10 mtsf. wher^'jfl die mjUvvJ isubiil ^la proi: nn coiiipmi;& a dekuoii 0. ^una d.CAl$ 
73"b3 and the foilowmg submtutioiis mutauom Q^K, S3C, K43N\ 
\73I , Q206C. Y217K. K2I8S, aad s^d metfeod compnsmg. 

M pro^ ide$ for the expression of a subtBsm which does not bind calcium proida; 

(h) cutemg ^aid host ceil imder canditioss which pxo\ ide for the 

{c) recovedag tte ^pressed ett^msfelly aOiw sabaiisk sai tot 
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15. The ret^mbimst tnefkpa of cMm 14, mmh tfee siibtiiism mutant 

16. Iqc rccoaKHTun^ iBetli(>J of ckiiK i4, wherem die subuhsia sirouui 
is a subtllisiE BFM' imitaRt. 

5 17 The iev.-^mbinant n» < ' . ' < U\ %vher&h ihe <<ubdhsm BPN' 

DNA compu,Nes oss? oi i^4(*r(# sdduioaal muULosiS v>hxch pt:os'vd& for asihansei^ 
tlxemial stability or which provide fer mtoratioa of coop^erativiiy of Mdmg of the 
siibtiUsia pmteia, 

18, A recoB^bmaat DNA which encodes for a siibtllism protein which 
|0 Ms feees miitaied to dmimate the afcMty of said stibtiiism pmmm to Msd caieim 
at a high atSfilty calcitHsi biMi»g site, wberem the mutated subdlism protein 
conjprbes a deiedoa of^iuino i:kl^ '"^-S ^ ;!Tid :ir leas? one oj more subMstiuknsi; 
selected from thij groHp consLsuug of S9A, i31L, H156S, GKfeS, CUo9A, SiS8P, 
N212G, K2l7i, M222Q and T254A, and optioaally together with at least 
15 oiie or more stibstiMioiss sekcted from iht p-oup cossistlag of Q2K., S3C, P5S, 
K43N, M50F, A731 . Q20n(\ \'2V7K, Kim. and CP~1E, and wMch mutated 
STibtilismpfotefj! retains eiazymirtic activity md stability. 


t DNA which en^cvks to'^ subtiliMfi proie - \ h . h 
Jb^s bees mutated to elimitute tkc alsjUi> of said stifettlii^m protem to hM calcmm 

cac'pxsvs i dclouon rf jniai ai,KK 75-*?^ md tfec *eHe'\i;u ^ubstjmt'OTi> 
"na^.tior^s Q2K ^30 KS. I<?3N', M50i-. QlQbC, Y>i"k, ,ind 
Ql-? IF, whicli mma&'d suMilisiB protein retaim ea/jiiuuc activity and 


2L lie recombkast DNA of claim 20, wteem tfet sa»k DM is a 
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SUBSTITUTE SHEET {RULE IS) 
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SUBSTrTOTE SHEET (RULE 2S| 
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SUBSTITUTE aHEET (mm m 
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SUBSTTOTE SHEET {RULE 2S) 
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SUBSTITUTE SHEET pULE m) 



SUSSTITUTE SHEET {RULE 
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SUBBTITOTE SHEET (RULE a$| 
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SWSIlTUtE SHEET iRULE 261 
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SUBSTiTUTE SHEET (RULE tS) 
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